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INTRODUCTION. 


T hirty years have elapsed since the epoch-making discovery 
of the three-phase system, which system was evolved inde¬ 
pendently in Sweden at precisely the same time as in other countries. 
To commemorate the achievements of Sweden in this respect, and 
as an illustration of its electrical and engineering progress we haye 
collected a few short descriptive articles dealing with some of the 
most interesting of our installations; in nearly every case the 
plants in question are driven by slow speed water turbines and 
indicate the general design and construction of alternating current 
machines built in our factories. 

We take this opportunity of recording our appreciation to our 
numerous friends and customers, for their consideration shown 
in placing orders, which have made it possible for us to develop 
machinery competitive with the largest firms in the world, and 
to demonstrate the good qualities of Swedish engineering practice 
and workmanship. 

Vaster^s, Sweden, September 1919. 

ALLMANNA SVENSKA 
ELEKTRISKA AKTIEBOLAGET 



Klg. 1. View of Asea's old and new Office iniildiiigs with Mimer Shops and foundries. 


HISTORY 


W HEN THE TECHNICAL ASPECTS AND POSSIBILITIES OF UTILISING 
allernating current commenced to attract general interest and attention in 
the early eighties, Asea was one of the first companies to give close and 
careful study to the numerous technical problems which then arose. The paramount 
reason for such intense interest was the fact that their then Chief Engineer —Mr. Jonas 
Wenstrom — (whose discoveries some ten years before and subseciuent development 
of D. C. machinery had been chiefly instrumental in founding the Asea company) now 
started to perfect his previous inventions relating to alternating current machinery, 
systems and appliances. As a direct outcome of this pioneer work, a patent was granted 
in 1890 entitled “Arrangements for transforming and distributing energy by means 
of 3 alternating currents of the same frequency and with a phase 
difference of a third of a cycle”, which covered a complete system 
hf -^hree-phase power ^transmission. Asea who had taken over 
the pafenis, built experimental machines during the 
summer of*lbe same year, consisting of a self-excited 
generator, transformer and motor. 

Numerous experiments were made with this 
equipment and although on the whole expect- 
•^itions were realised, it was conclusively de¬ 
monstrated and recognised that desirable and 

necessary improvements could be made—parti- 



Kig. 2. Jiilerior of A.sea's works lii 181)5. 











cularly ki the motor — before the theoretical considerations were turned to pracHcal 
us^e. About 18 months later Weilstroni, with the assistance of E. Danielson in his' ex¬ 
periments, produced such a salisfactoiy motor that at the beginning of I'SQS Asea en¬ 
tered into a contract to build the first Electric Power Transmission plant in Sweden 



A. TJndsIrdiii. 


R Danielson. 


on the Wenstrom system. This installation was completed by the end of the year, and 
was for Sweden what the well known I..aulTen installation was for the ('-ontinent. The 
plant consisted of a 300 horse power generating station at Hellsjon, 15 kilometers of 
transmission line working at a pressure of 9500 volts, transformers, and a large motor 
equipment at GrSngesberg; this installation, which is in service at the present time, 
has proved highly successful. The eminently satisfactory manner in which the whole 
plant operated attracted considerable attention, resulting in numerous requests for 
similar installations; as a direct consequence, during the next few years, Asea’s pro¬ 



duction of A. (1. machinei’y reached proportions as large 
as the output of D. C. machinerjf. One reason for tbis' 
rapid advancement was the superiority of the ihree- 
phase system, this being recognis^ed as parti¬ 
cularly applicable to Swedish topographical 
conditions, and it was known even in those 
days as the most efficient method of transr 
mitting power. 

For the rapid development and advances 
made in the practical application of this new 


I'lg. 4. 'riii-ec-i)Iin.so gcncrnlor lyiio VA. 
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I'ig. 5. nell.sjuD Power.Station, tl-thrce-pliasc generators 70 KVA 000 r n m 
70 rycles, nud 3-110 KVA sets. * 


science credit must also be given to the engineers, who — after Mr Wenstrom’s death 
in 1893 — were responsible for the technical work of Asea; particularly Mr E.^Daniel- 
sori and Mr A. Lindstroni, who so ably followed and worthily upheld the pioneer 
work of Mr Wenstrom. During 
the following years these engi- ^ \ T 7 

neers and their colleagues work¬ 
ed hard to perfect the system, 
and laid'the foundation for the 
statement'made at Asea’s twen- 
tyfifth Anniversary in 1908 that: 

— “Without exaggeration it 
could be said the history and 
progress of the 3-phase system 
was indistinguishably linked 
with the developcment and pro¬ 
gress of Asea.” During these 
early days the output of the works tended to develop more and more towards the 
construction of A. C. motors, generators and transformers; as a result, the D. C. 
m^inery, for which Asea had in the first instance been promoted and organised, 
no longer held the premier position; nevertheless considerable progress was main¬ 
tained with improvements to D. C. equipments, and developments also took place 
in this direction concurrently with the production of A. C. plants. Naturally the 
bulk of the orders received covered motors and transformers but the construction 
and supply of generators was by no means small. The generators being built in 
larger units, required bigger machine tools and more shojf^-space for handling, erection 
and testing; moreover greater interest was centred upon the larger generators par¬ 
ticularly in the early days. The most interesting feature during the last ten years 
has been the evolution of large A. G. generators for power transmission, theirlarge 
size having been emphasized and exploited, whilst advances in motor, transformer 
and switch gear design and construction have not 
attracted as much attention, although in certain di- 
r.gctidns their advancement and improvement has more 
than*kapt pace with the development of gene¬ 
rators. Wljen thinking in a broad way of Asea’s 
output, the first thing that strikes one forcibly 
is the number of generators of large capacity 
that have been built by the firm. 

With the exception of the experimental ge¬ 
nerator referred to above, the first A. G. machi¬ 
nes supplied by Asea were built for Ilell.sjdn 



0. 'rjiree-pliasc ;j;cnejulor lype Yl, 




Fig. 


Three-phase generator type VMC—VAC 
with direct coupled exciter. 


Power station; these had a eonlinuous ntling of 70 KVA at 000 r. p. m. with 70 csclea 
and lot) volts. Thev were horiitontal machines with rotaling armalures and two 

pedestal bearings; the stationary field ring ot 
cast iron had 14 poles, the weight of copper 
on the field coils was 1000 lbs. and that on 
the arinature 110 lbs; the whole mtichine 
weighed 3 tons corresponding to approxim¬ 
ately 95 lbs. per KVA. This, to modern engi¬ 
neers, appears to be a disproportfonate fig¬ 
ure, but it must be borne in mind that much 
of the material now in every day use, was at 
that time absolutely unobtainable, whilst 
accurate scientific knowledge did not exist as 
to the properties of these materials — nor 
had the art of calculating, from the meagre 
data available, advanced to the position it 
now occupies. Full credit must therefore 
be given to those engineers for their tenacity and resolution, resulting io the pro¬ 
duction of electrical machinery which 
formed the foundations upon which our 
present scientilic knowledge for electrical 
calculations are largely based. 

Concurrently, with the original genera¬ 
tors, others were taken in hand, and 
immediately the result of ttie successful 
working of the {Iriingesberg installation 
became known, reiiuests were received for 
similar plants but of varying capacities; 
consecpientl}' Asca decided to get out a se¬ 
ries of genera¬ 
tors with stan¬ 
dard frames. 

'I’his range of rig .». 

machines was 

built in .sizes from 3 to 125 KVA at a speedofaboutGOOr.p.’m., 
and 50 cycles; they all had stationary fields and rotating ar¬ 
matures similar to those first installed at Hellsj6n,*but they 
were designed on more efficient lines in order to secure 
belter results from a given weight of iron and copper. This 
range of machines was designated YQ, VO, YM, but 




Three-phase generator 212 KVA^oi* 
Kfl sellttt 111 sk, Iliissia. 
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h’lg. 1). “nrl(le.s Veil” Fall. 
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Fig. 10. Three-phase generator type G, willi 
direct coupled exciter. 


beyond these series two larger types were also produced; one with an Qutput ofJl85 KVA 
at 375 r. p. m., the other with an output of 280 KVA at 300 r. p. m., 50 cycles. Owing 
to Mr Danielson’s skill and foresight when working out these designs, this pattern was 
manufactured as a perfectly standard machine for 
many years and existed from 1892 until 1906 when 
the la^ machine of that type was mapufactured. Alj, 
these machines were run at conyiara- 
tively high speeds, the lowest at 300r. p. m. 
and highest at 1000 r. p. m.; the nor¬ 
mal frequency was between the limits 
of 50 find (50 cycles but as the import¬ 
ance of fixing a standard frequency was 
not, recognized until the middle nine¬ 
ties, i^ was common pfactice to change 
the fre(|uency soastousethesameframe 
— in other words carcase and r. p. m. 
of prime mover, were factors which determined the'speed and consequently the fre- 
quen^'. It naturally followed that different installations very seldom had the same pe- 
ri^ucity, but generally speaking it was somewhere between the limits of 50 and 70 
cycles; in a few cases machines 45.3 and 46.« cycles were built but the manufacturers 

and users soon came to .the conclusion that it 
was necessary to adopt some standard. After 
much discussion it w'as decided in 1896, at the 
“Svenska Teknologforeningen”, 
that ijO cycles should be adopted, 
more particidarly as at that time 
continental engineers had also ac¬ 
cepted 50 cycles as a standard. 
From this time all new machines 
w'ere built for the standard periodicity, except 
in cases were extensions to existing power 
plants were involved. 

About the 
saraetimethc 

design of large stow speed machines was undertaken 
but these were not standardized to such a degree as 
the smaller ones, being only built as required. They 
were however later on grouped and classified in tw'O 
sections, one known as the YA class covering four 
sizes up to 100 KVA with speeds between 131 and 

.9 



I'ig. II. Tliree-plia.se generator type (1, wiUi 
. (Greet coupled exciter. 



Fig. 12. Three-phase generator type V, 225 KVA, 400 
volts, 125 r. p. m„ 50 cycles for Lathis, Finland. 




300 r. p. m., the other syj VC- 
class. This latter com¬ 
prised five types up to a 
niaximiiin of about 000 
KVAatspeedsrangingfrom 
70 to 375 r. p. iu.,or f8r very 
exceptional cases up to 000 
r. p. ni. These sizes were re- 
tained up to the year 1900 
when they were regroiip- 


Klit. IS. Cobalt power station, Canada. S three-phase generators 875 KVA, 11000 
volts, 150 r. p. m., 60 cycles. 


ed, the first group cover¬ 
ing machines up to 145 KVA 


and the second extending up to 800 KVA, the frequency being retained at 50 cycles. 


All these machines were constructed with stationary armatures similar to present 


practice, the armature core being built up of paper insulated sheet iron in sections, sep¬ 


arated by distance pieces to permit air 
circulation. These cores were held in a | 
substantial cast iron stator casing by means j 
of forged steel rings. The rotating field . 
construction was modified on various 1 
occasions, the first design being known as 
'‘the claw” t 3 q}e, but this was soon aban¬ 
doned on account of its poor magnetic ■ 
qualities. The next pattern had laminated 



pole shoes and core of iron stampings but 
suffered from various drawbacks; conse¬ 
quently the design was again changed, 
and what is practically the present day 
construction decided upon, comprising 
forged magnet cores secured to a cast 
iron flywheel. Nearly all these machines 
were of the horizontal pattern with two 
pedestal bearings, but to meet special 




Fig. 15, Old waterwheel at Itydahl, 







requirements vertical tj'pe generators were also made in exceptional cases., A con¬ 
siderable number of these machines were built but had eventually to give way to 
ira'proved designs and more modern construction; the VA class was thei;efore dis¬ 
continued in 1906 but the manuracture of the V(^ generators continued until 1911. 



Kig. 115. TJiree-phase generator type (1,15750 KVA, 2:500 volts, 1(53 r. p. ni., (10 cycles<or Eddy Co., Hull, Quebec, Canada. 


In 1901, after five years experience covering large and medium sized machines 
with rotating fields, it was decided to extend this construction to the smaller machi¬ 
nes. These series (designated VMB—VAB) included five standard types, in sizes 
ranging from 8 to 225 KVA at 375 to 1000 r. p. m, 50 cycles: based on the ex¬ 
tensive experience previously gained this new type proved to be well constructed 
in ^very way, even according to modern ideas. The machines were arranged either 
fear direct coupling to a prime mover or for belt drive, in the latter case the 
substanHal bedplate was mounted on slide rails. 

All these ‘generators of the horizontal type were, as 
staled above, built with rotating Helds and provided 
with two bearings, of the self-oiling type, mounted 
on a common bedplate. For self-excited machi¬ 
nes one of the bearing pedestals had a bracket 
attached to support the exciter; about 30 machi¬ 
nes of this type were built during the next few 
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rig. 17. The new power house at Uytlahl, Sweden. 




years, but they weie soon discarded and replaced by a more ellicient and iip to 
date design. 

'I'his series, consisting of two types (VMC and VAC), was put on the market in 
1904, the sizes ranging from 25 to 550 KVA with speeds from 3/5 to 1000 r. p. m. 



and frecjuency of 50 cycles. The design was similar to the old type for direTr^or 
belt drive, with the exception that instead of pedestal bearings they had end shields 
with three arms cast to form a support for the bearings and protect the stator wind¬ 
ings — the bearings were lubricated by oil rings as in the former series. 

These machines were frequently arranged with an exciter mounted on a bracket 
on the end-sbields, in which case the generator shaft was extended for the exciter 
which then recpiircd no bearings (see Fig. 7). When an independently driven ex¬ 
citer was used it was mounted on a separate bedplate and driven from the gene¬ 


rator shaft by means of a Ilexible belt coupling. 

Asea had by these series of generators produced strictly standard and modern 
type machines, with all details fully worked out and parts made to gauges and 
templates, so that a line of generators and motors could be manufactured in mass, 
thus a stock of machines could always be kept on hand. 

I'wo years later, in 190(5, a newly designed series 



of large machines was introduced, which were'"used 
for similar work as series V(5, which^ latter ty])e 
was still being made; this series together with'lhe 
new, was called series V with an index number 
indicating the capacily and arrangement of the 
machine and fulfilled all requirements; the new 
design completely met the demand for slow 
speed machines and those of greater capacity than 

12 


Fig. 10. Three-phase generator type (1 with 
direct couplccl exciter. 









I-Ig. 20. Trfliigfors power station (A-B. Sven.ska Melallverken). 

iece^MyMV’onhe omZ “““ >'= ‘h® 

rolaling’^n^Bld. ' '' '' winding in the slater and 

hn'tVn’ n°'^ r''“'■cooling had bean used 
^nl on the later machines ball or roller bearings were adopted - these were 1. n 

" “0*02; r 

VAC nnd V e 8‘'0"P of machines and also types VMC 

r'‘ r 

IUissi5 Mid stdl more in Canada, where a great num¬ 
ber of power stations bear Asea’s well known trade- 

Owing to developments which took place in the in- 
dustrial world in 1907 changes were made in Asea’s ,Jf ^ li 4 

productions, new materials and improved designs 'g i-ji ^ i ■■ ygfjfi 
Avere put on the market although the last mentioned 1 
machines were then the best the technical world was 



I’ig. 21. Modern lliree pliaso generator Ivne (', 
^Vlth (ilrect eouplcfl exciter. 














producing and Jt was only then possible to make furlher improvements owiqg to 
these new advances and better constructive materials. 

Therefore, in 1908, a new series of generators with end shields was commenced, 
called “Series G” with index numbers, ranging from 125 to 650 KVA at 250 to 600 
r. p. m. and frequency of 50 c}'cles. 



Kig. 22. Slcfirblncjcn Company’s power station. 5 tliree-plinse generators, total 
capacity 42(50 KVA, 800 volts, 50 cycles. 


These machines were also designed for 25 cycles and were made in sizes from 
200 to 500 KVA at 300 to 500 r. p. ni. At the same time another type was evolved, 
with pedestal bearings, but of greater capacity. This was also called “series G” 
with an index and was so proportioned that the smallest of these machines with 
the same r. p. m. was a step in advance of the largest of the end shield type. 
These large “G” machines were designed for capacities from 250 to 4000 KVA .at 

75 to' 5(X) r. p. m. and a frequency of 50 cycles; 
they were also designed for use on 25 c^cie circuits. 
Finally a series of small high speed generators with 
end .shields was introduced to take the place of 
series VM('. and VAC; these machines, 
which in capacity were equivalent to the 
VMG and VAG series, were put on the 
market in 1910 and had about the same 



jg, 23. Tr&ngfors power statiou, Vristinaiiland. 






appearance as the older machines hut better use had been made, .of the material. 
This series consisted of 12 standard sizes from 25 to 250 KVA at 375 to 1000 r. p. m. 
and frequency of 50 cycles; Avhen used with 25 cycles they were made for outputs 
of 25 to 200 KVA at 375 to 750 r. p. m. 

Thus in 1911, three groups of machines were being built with varying capacities, 



21. Nils—Horndal Power stallon (Ilorndal Iron Works.). 11 vcrlicaVtliree-phase generators for 415 
KVA, (K»0 volts, 211 r. p. m., 8 <l:o for 575 KVA, OOl) voU.s, 88 r. p, m., 50 cycles. • 


and were known as the “little G” series, which was the designation given to the 
end shield type mentioned previously, and the larger generators with pedestal 
bearings. 

These machines were built as originally designed until 1915, when a change w^as 
made in the series; .some of the smaller machines were then taken from the “lai'ge G” 
sqj:ies, and included in the “little G” series, and some of the medium “large G” 
series "were no longer manufactured. From 
this time, cmwards, Asea have only had two 
generator series — the extended “little G” series 
with about 20 sizes from 17.6 KVA at 1500 
r. p. m. to 750 KVA at 750 r. p. m. and fre¬ 
quency of 50 cycles; the “large G” series in¬ 
cluding a great number of sizes ranging from 
160 KVA at 375 r. p. m. to 7500 KVA at 
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Fig. 25. Frykfors power station, Yfirrnlancl. 











150 r. m. wjih frequency of 50 cycfos. Both these series have been improved 
and redesigned during the past few 3 '^ears upon the latest and most modern theory 
and the wide experience Asea’s engineers have gained during the quarter century 
of their well known generator production. 



Fig. 26. ()vre Kin'iml j)ower sinllon (.Soiilti Swedish I’owcr Co.}. 


All the little (1 sei'ies are standardised as far as the mechanical design is concerned; 
on the more popular si>:es; the winding is also standardised and machines of this 
type are always kept in stock. In the large G series only mechanical parts such 
as stator frames, shafts, bearings and similar spares are ke[)t in stock; there are 
however always a number of the smaller sizes of this series on hand. 

Although a strict standardisation of machines is more or less limiting the market 


and putting a certain restriction on sizes, it has so many advantages from the ma¬ 
nufacturers’ point of view, that it more than compensates for these limitations; stan¬ 
dardisation does not mean that the character of a machine is fixed once and for 
all, but rather that a certain construction must be adhered to in order to maintain 
fast and regular production; at the same time advantage is 
always taken of new’^inventions, better material and improved 
workshop appliances. In consequence of Ihi.s, 
Asea’s modeim generators are always of the 
most up to date design and manufacture. 

In this article we have tried to point out 
what has been accomplished during the past 
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Fig. 27, City of VaslcTfts’ liirbinc slnllon. 



‘->5 years to develop both direct and belt driven generators; in addition tq, the ma-' 
chines alreadv described a number of special machines have been built, which in 
si%e construction, and special features have deviated from our standard, machines, 
and as such, are worthy of special mention. 



Fig. 28. Tysse power station, Norway. 


In the following pages a description of the larger machines will be given indi¬ 
vidually, but a brief description of the smaller sizes wftl be found equally interest¬ 
ing. One of the first large machines built by Asea with special features, was a single 
phase vertical generator for Mr. I)e Laval’s experimental station at Trollhattan in 189o. 
This generator was the largest that had been built in Sweden at that time, and as 
far as we are aware, the first with a rotating field wilh salient wound poles (Fig. 14 
gives a good view of this construction). At this time, generators which have already 
been described with claw or zig-zag field windings were being built, o”® ® 

largest of this type is illustrated in Fig. 18 and was designed for an output ot -bO IvVA 
at 200 ft p. m. 3,460 volts, 46.5 cycles, but as already men¬ 


tioned, very few of this type were built. 

tn place of this design larger and larger ma¬ 
chines with salient pole fields were built; well 
worthy of mention amongst these, were the 6 
three-phase generators built for Tr&ngfors power 
station in 1899. Designed for an output of 255 KVA 
at 250 r. p. m., 800 volts, 50 cycles they made 



Fig. 29. City of Stockholm’s power station at VSrtan 
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Fig. 30. The Power Plant of I^ungaverhon (Stockholms Supcrfoslat A.-B.). 


this station together with the remain¬ 
der of the electrical equipment for the 
installation one of the largest contracts 
Asea had at that time ofidertaken. 

Five of these generators were sent 
direct to the Power Station, but the 
sixth was first sent to the Paris Exhi¬ 
bition in 1900, where it was duly con¬ 
sidered and won the “Grand Prix”. 

These machines, 
looked at from the 
present day stand¬ 
point, were not very hig, but taking* into con¬ 
sideration the factory facilities, tools and transircirt 
pioblems that had to he overcome, it was at that 
time quite an accomplishment. 

Not long afterwards machines of much greater 
capacity were constructed, for example, those 
built for A/S Ilarbu in Norway in lOO.'l—1901; 




Fig. 31. Scmrenclosctl generator for the Power PtaiU 
ot I-jungavcrken. 


1<S 


Pig. 32. Five stators for South Swedish Power Co. 











these generators had a ca- F/ 

Pacity of 1000 KVA at 125 W"-'- f 

r.'p. m, 2000 volts, 50 
cycles, armature winding 
on the stator, and rotating 
field; the pole pieces were 
of wrought iron on a cast 
iron wheel, the exciter 
was diredt connected and 
mounted on one of the 
bearing pedestals of the 
alternator; perfectly' open 
construction was used and 
in general design the ma¬ 
chines were similar to mo¬ 
dern sets. 

Durmg the same period 
a generator of the same 
si^p^as built for Skar- 
blacka Paper Mills (Fig. 

22), with the difference 
that this machine wa.s dp- 

^ ^i-'usiae uo.J. 

Stockholm City Lctridty Tories^ were°unL”'^''^'T 

coupling ,o siean «(,, and had a’oapncilv of 17^ WATrin“''“ ''>'■ dircci 
2o cycles (Pig. 29). P . i 17/0 KVA, 100 r. p. m., 6500 volts, 

By building these machines we entered n np^ r m • 

New shops had been built with greater floor si manufacturing career, 

installed and better facilities were available frf 1 PO'^erful machine tools 
this time the construction of the larae In i so that by 

apiongst the largest in exist^enL could be co generators” and which are 

how^e*, others are well wor^rolCtil 

with 1 supplied the Tysse power-station in Norway (Fig 28') 

12000 vons^l°'^''’r‘'^ of 4100 KVA at 375 r. p m 

volts, 2o cycles, at a power factor of 80 ®/• ^ ’’ 

these machines of the open horizontal type’ 
wi 1 stationary armature and rotating Held arc 
irect connected to water turbines of the Pelton 
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Fig. The “Bassalt” power station 
(South SwGclisli Power Co.}. 


Fig. Si. B6jlefos power sta.lon (Arcndals Fosse Co.). 













Fig. .T>, Interior of Asea’.s shop for large, niacliincs. 


type; the split stators have an almost modern appearance except for the style of air 
opening on the stator frame which reminds one of older types of machines. 

In the same year the Sydsvenska Power do. were supplied with no le.ss than 8 
three -phase generators for their power station at Lagan (Fig. 84); each of these 
machines has a capacity of 1420 KVA at 167 r. p. m., 5250 volts, 
50 cycles at a j)ower factor of 80 %. 'I’hey are direct connected to 
water turbines and are of the standard open construction. A few years 
later Asea received an order for four more generators for this station, 
each rated at 8000 KVA for the same speed voltage and Ir/a- 
((uency as the oi'iginal machines. Working conditions^brought 
about by the 50 cycle power distribution systenv were such 
that it was decided to design these machines for 65 % p<5Wer 
factor and not, as on the older machines, for 80 % power fac- 

r 

lor. The generators are of entirely open type and like the older 
machines are direct connected to water turbines. The greater 
part of the 24000 KVA generated at this station is used in 
the cities of South llalland and West and South Skfine, but a 
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Fig. 3G. Ljiiiigavcrkcirs power slntioii. 




Lait o/’^relrdTelltea ^ ‘trough the 

epoch in the building of machines'- the ne • formed an 

whiC-nHgh. be eaUeJ .he pe' d «>- 

such planfe ae S«elgr„e developing KVA ’ 

in units, the installations already referred 
to at Tysse, Lagafallen, etc., also the large in¬ 
stallations at Trollhattan and Rjukanfos (a des¬ 
cription of which is given later) were planned 
and construction work commenced; together 
with Ljungaverken, which started operating in 



l-’ig. 38, 1)0111 at IJfijiefos. 
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1912 and consisfs of 4 generators, each 
SHOO KVA at 375 r. p. m., 6300 volts, 
50 -cycles* at 80 % power factor, also 
two generators each of 1200 IvVA 500 
r. p. m. 6300 volts, 50 cycles at 80 % 
power factor, all generating power for 
the production of Calcium Carbide. 1 he 
Arendals Fosse Korapagni’s Installation 
at Bojlefos was originally supplied with 
3 generMors of 4670 KVA, 375 r. p. m., 
25 cycles, 5000 volts at 80 % power 
factor, and one generator for 4375 IvVA, 
375 r. p. m., 50 cycles, 5000 volts at 80 
% power factor, but the capacity was 
later increased by 3 additional 25 cycles 
generators so that in 1914 the completed 
power station had a capacit}' ot 33000 
KVA, which power, with the exception 
of the 50 cycles current generated for 
lighting and industrial purposes, is all 



Fig. LifUiig ol* rolor. 


utilised for large electro-chemical works. 

In 1913, 3 three-phase generators each of 3750 KVA, 2.300 volts, 1(>3 r. p. m., (>0 
cycles at 80 % power factor were installed in the E. B. Eddy Co s power station 
in Canada; also the generators for Calgary, Nokia and Sagami, together with a 
great nuuier of others distributed all over the world and loo numerous to mention 
individually. At the lime of writing the generators for Cdomfjord with a continuous 
rating of 22000 KVA are almost completed, and, big as they are, larger machines 
still have been designed. As early as 1915 Asea estimated and submitted tenders 
for three-phase generators of 35000 KVA to be driven by water 
turbines but the world disturbing political situation, at that time, 
frustrated this project. The tables on page 23 show that during 
the past advances in the size of generators Asea has held the record 
more than once. 

It might 1)6 objected that it is not ot »uch great 
inipoi'lance if one (Company or another should ree^ive 
an order occasionally tor a machine larger^ than any 
previously built, but such Orders indicate that not only 
has the purchaser of the past confidence in the work^ 
previously executed by the (company, but also that he 
feels the manufacturer is able to produce a larger 


Fig. 40. Flumes at Tyssc. 






The largest Hydro Electric Alternating Current Generators.built by A sea-. 


Doliv. 

in 

Maker 

Customer 

Power Plant 

Num¬ 

ber 

Pha- 

ses 

Output 

KVA 

Volts 

r.,p. m. 

('jvJle.s 

1895 

ASKA 

VasterAs 

Dr. De Laval 

Troll hiittan 

1 

1 

850 

300 

250 

12.5 

1903 


» 

Orebro EL Co. 

Bratlfors 

1 

3 

1830 

20000 

214 

50 

1905 

• » 

» 

Tiiifos Paper Mills 

Tinfos 

1 

8 

2830 

5150 

2.59 

50 

1907 

» 


Norw. Hydro Kl, 
Kvselstof Co. ^ 

Svtelgfos 

4 

8 

10500 

11000 

250 

50 

1909 


> 

The Swed. Gov. 

Ti'ollhattan 

4 

3 

11000 

11000 

187.n 

25 

1915 



Norw. Hydro EL 
Kvtelstot Co. 

Rjukan 11 

6 

3 

18900 

9500 

2.50 

50 

1918 



The Norw. Gov. 

Glomfjord 

2 

3 

20000 

15000 

affo 

25 

1921. 


» 

» » » 


1 

3 

24000 

15000 

800 

25 


The Largest Hydro Electric Alternating Current Generators in the World. 


Deliv. 

in 

Maker 

(histomcr 

Power Plant 

Num¬ 

ber 

Pha¬ 

ses 

Output 

KVA 

Volts 

r. i>. in. 

(^.ycles 

1891 

• 

Oeriikon, Zurich 
AEG, Berlin 

Oeriikon & AEG 

Lauffen 

1 

3 

210 

8G 

150 

40 

• 

^ Westinghouse 
^ EL & Alan. Co. 

Niagara Falls 

Power Go. 

Niagara 

3 

2 

3750 

2250 

250 

25 

1905 

D:o 

Ontario Power Go. 

D:o 

G 

3 

7500 

12000 

187.5 

25 

1907 

ASKA, VftsterSs 

Norw. Hydr. EL 
Kvielstof Co. 

Svtelgfos 

4 

3 

10500 

11000 

250 

50 

■ 1909 

Gen. El. Co. 
Schenectady 

Great Western 

Power Co, 

Big Bend, 
Feather riv. 

4 

3 

12500 

11000 

400 

GO 

1911. 

D:o 

Washington Water 
Power Co. 

Spokane riv.. 
Long Lake 

Dev. ment 

2 

3 

13900 

4000 

200 

GO 

1912 

Bj*own Boveri Co. 

Nonv. H 3 'dro EL 
Kviclstof Co. 

Rjukan I 

1 

» 

3 

17000 

11000 

250 

50 

1913 

Ceil. El. Co. 
Schenectady 

Pacific Light & 
l^ower Co. 

Big (h*cek 

2 

3 

17500 

G600 

375 

50 

1915 

ASEA, Vasteras 

Norw. Hydro EL 
Kvselstof Co. 

Rjukan 11 

G 

3 

1 

18900 

9500 

250 

50 

1919 

Allis Chalmers 

Mfg. Go. 

Niagara falls 

Power Go. 

Niagara 

1 

3 

32500 

1 12000 

150 

25 


'imachine and at the same time one of equally high quality with the smaller sizes. 
In -this ‘respect Asea has maintained its cust¬ 
omers’ goodwill, amply demonstrated by the 
niuiTerous repeat orders for extensions to exist¬ 
ing installations. As an example of this it 
might be mentioned that more than fifty 
machines with an average output of 12300 KVA 
per machine have been delivei’ed or are under 
construction in Asea’s shops. If the Untra ge- 
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Fig. 42. Stator for large three-phase generator 
during construction. 

















nerator^ of 9000, KVA and the Porjus single phase generator of 6250 KVA (ejual 
to 10000 KVA three-phase) are disregarded in this calculation, it brings the average 
up ‘to over 10000 KVA per generator. 
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SWEDISH INSTALLATIONS 



I'lg.Interior view of the machinery hail of Troniifiltan Power Plant. 


THE SWEDISH STATE POWER STATION AT 

trollhAttan 

pOH (his power stalioD, (he »rsl and largest oflhe Swedish Slate Water Power 

IrlnJtuT:, three-phase generators in 1908. and 

f ^ r ^ repeat orders for nine more sets were received, the last two 

by AstlTig'lVT' J’’""*'' i"'* Power Planf issued 

by Asea in 1912 after the completion of this power 

station, describing in detail both the power station 

and the generators, is doubtless well known to 

the reade^ it might be of interest to repeat the 

general dimensions of these generators, as they i ' 

were the first totally enclosed machines of this 
size built by Asea, also when installed they were 
amongst the largest three-phase generators direct • 


Fig. '15. lixterlor view of Trolllittltan Power i*lai] 








coupled to water turljines. 
They have, moreover, in ma¬ 
ny ways formed the basis on 
which other Asea totally en¬ 
closed generators have been 
designed. 

Each of these thirteen ge¬ 
nerators is designed for a con¬ 
tinuous output of *11000 KVA 
at 10000 to 11000 V, 187.5 
r. p. m., 25 cycles at a power 
factor of 80 they are ar¬ 
ranged with the armature 
winding in the statoj: frame 
and rotating field on a hori¬ 
zontal shaft with a solid 

r 

flange for coupling to the 
turbines. 

The stator frame is of'Tiast 
iron of massive “box section” 
construction to ensure the 
requisite rigidity, and also to 
allow the hot air from the la¬ 
minations and windings to 

I’iff. I(i. Ilolor for TrollhanaH Kcnuralor during c.on.strucllon. paSS readily tO the Outlet 

situated at the bottom of the machine, from whence it is carried away in ducts. Other 
parts of the stator frame, with the exception of the bottom portion, have openings 
with cast iron insjiection covers which can be removed to allow the hot air to escape 
into the power house if desired. The stator is split horizontally, the greatest overall 
diinen.sion is 7.:»s metres and the greatest height 6.72 metres. 

The laminations arc dovetailed into the stator frame, secured in carefully machined 
slots, and held together laterally by heavy forged steel rings. To secure ample ven¬ 
tilation, air ducts are provided at suitable inter- 
^ vals. The outside diameter of armatjare stamp- 

Hji^ ings is 5.6 metres, the inside diameter 4.7 nietres 

1 length axially 0 o metres. The material 

used is the highest quality Swedish laminated 
«heet 0.6 mm thick, the stampings being insula- 

_ ted from one another by means of paper pasted 

and rolled on before the sheets are stamped. 1 he 








Fig. 47. One of ilio water falls at Trollhottan. 





I'ig, 48. Section of llOOO KVA Trollliattaii generator. 


s(ator laimnalions are provided with 192 open slols for the reception of the windine 
and the la are arranged in two planes; there ore four slots per pole per phase and 

lour conductor per slot, each conductor consisting of several copper bars iusnlaled 
wilh cotton and impregnated. The bars forming 

each conductor are then insulated with a paten” 
micanite insolation and the whole of the condiic- 
tqrs fn each slot are insulated from the frame by 
seamless micanite tubes. In this way the insul¬ 
ation between copper and iron is built up of three 
distinct parts all forming a homogenous mass by 
baking after being specially compounded; the 
total insulation aggregates about 5 mm. 
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Fig. 49. View of Ihe forebay and’intaltc hiiildinir 
irollhntlan Power Plant. ” 








Outsi/ie the laminations the conductors are divided into two groups, each insulated 
in the customary manner, coated with insulating material and a special smooth sur¬ 
face finishing varnish to nainimise accumulation of dust. To prevent distortion on 
short circuits or heavy surges on the line, each coil is secured to substantial brackets 
which obviate any risk of the coils pulling out of shape. During the very thorough 
tests to which these machines were subjeGted,,a short circuit was thrown o'nto one 



Kift. r>». I„ower half of a stalor for TrollIiuUnn generator. 


of the machines and after this had been repeated several times the machine was shut 
down for examination, but no distortion of the coils could be traced. Owing to the 
very liberal insulation no trouble was anticipated or encountered in fulfilling the 
insulation guarantees: the’winding was tested to earth between phases with 20000 
volts, 50 cycles for a period of 15 minutes. The housing over windings and the 
side plates round the shaft are all'of cast iron: this material was selected for two 
reasons, firstly because a more pleasing contour and finish could be obtained, and 
secondly because a better fit is j^ossible, thus eliminating all danger of air leakage 
which might cause unpleasant whistling noises. The illustration indicates how the 
first point is effected and a visit to the power house will demonstrate the second: 
it is no exaggeration to say that the machines run quite noiselessly. To get oMer' 
the difficulty of taking all the end shields off for inspection^purposes, snwll'doors 

of light weight are fitted to the main shields: 
these allow not only quick inspection, but also 
cleaning of the coils. 

In the event of more thorough inspection or 
repairs being necessary to the stator or rotor, 
the former can be moved axially on slides after 
the end shields have been removed, so that the 

:io 



Fig. 51. GuU6 Falls, TrollhAtlan. 



coils in both stator and rotor can be taken out without lifting tb^ rotor JTrom its 
bearings or moving it in any way. 

'he rotor,' with the exception of the poleshoes and small details, is" made of 
Siemens-Martin Steel. The polepieces and outer ring of the magnet wheel are Asea 
standard construction, i. e. without joint, but to facilitate transport and also to make 
sure that the material is free from blowholes and flaws the polepiece rings arc 


•a 



Fig. 52. Special I rain loaded willi rolor parts for TroUliattnn genej*alor. 


made up in pancake sections; these rings or sections are held together by bolts and 
.shrunk on the rolor centre which consists of a spider with eight hollow arms, the 
arms being hollow to make the construction as light and strong as possible; they 
are of cast steel in one piece with the hub. 

The sixteen poles are circular machined all over; the bottom part of the pole 
shoes are made of Siemens-Marlin Steel into which the laminated face plates are 
dovetailed, and the complete shoe is bolted to the polepiece. The poleshoes are 
laminated to prevent eddy currents on account of the open slots. One of the gene¬ 
rators has the pole.shoes so arranged that damping 
windings can be inserted at some future date in order 
lljat it can be used as a single-phase machine for elec- 
trx railway service, for W'hich it is eventually intended. 

The fteld winding consists of 140 turns of copper 
stri]) woirad on edge, insulated in the usual manner 
and tested to earth with 4000 volts alternating current 
for 15 minutes. Fan blades are fastened to the rotor 
to circulate the nece.ssary air for cooling the machine. 

The shaft which is made of the best Swedish steel 
is bored with hollow cutlers, the core being taken out and 
tested, to make sure that the steel is perfect throughout. 
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Fig. 55. Slator for Trolllinilnii gciicralor. 



The hole in ihe shaft is utilized to bring out connections from the field winding 
to the collector rings, which are placed at the extreme end outside the exciter arma- 
lupe. Owing to the special arrangement for moving the stator axially, the distance 
between the bearings is necessarily great, hence a stiff shaft is required; it’s dimen¬ 
sions are 6.6 metres long, greatest diameter 0.6 metres and weight 9 tons. 

The flywheel capacity, G. D*, of the rotatir^g masses is about 3600000 kgm®. 

The bearings are of common ring oiling type,^but with water cooled bushings. 

The generators are excited from a central D. C. supply of 220 volls. From this 
the current is taken through an auxiliar}' exciter on the rotor shaft of the*generator. 
This exciter is designed for a potential of 4-110—220 volts so as to regulate the 
exciting voltage of the three-phase generator between 330 and 0 volls. By this means 
the use of series resistances is avoided and the voltage of the generator is regulated 
only by regulating the field of the auxiliary exciter. 

The weight of each generator is 200 tons, the stator weighing 102 tons, rotor 67 
tons, bearings and bedplate 22 tons. 



KJg. 51. (iranite Kcnlptiirc of •'The Walcr Sprlle” on the clam al Trollhaiton. 
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Klg. 53. Tlie machinery hall of the Swedlsli Stale Power Slatlon at Porjas after first extension. 


THE SWEDISH STATE POWER-STATION AT 

PORJUS 

I. THREE-PHASE GENERATORS 

r-vURING 1914 Asea supplied the Swedish State Power Station at Porjus on the 

three-phase generators rated at 11000 KVA, 250 cycles, 
l^DO 11000 volts at 80 7o power factor. Three years later Asea received a repeat 
Ol der for two more generators, duplicates of those previously supplied. These genera- 

ors, o ^ ich one is a spare for the time being, supply power for industrial use and ore 
lields at tjaihvare, Kiruna and other adjacent 

places. The power house is located about 50 
metres bejow the ground level and is hewn out 
of the solid granite; each generator is driven by 
an independent water turbine of 12500 HP. 

The spare three-phase generator and a spare 
single-phase generator, are erected in line with 



Fig. 66. The “Big Lake” FaUs on the Lule River. 
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Tail. Race 
Tonnec 


three supporting bearings and are driy^ 
by one turbine, the speed of which is ad jus’'t- 
able from 225 r. p. m. — suitable fbr The 15 
cycle single-])hase generator, to 250 y. p. m. — 
suitable for the 25 cycle three-phase generator. 



The generators are totally enclosed, and self- 
ventilated by fan blades fitted to the rotor. The 
stator carries the armature winding and the 
rotating Held is fixed to a horizontal shaft with 
ilange for direct coupling to turbine. 


Hg. 58. Transrormcr and Switch Ilouiic at Porjiis. 
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FIff. 59. 11000 KVA lliree-phase generator at Porjus power station. 


Ihe stator frame, cover plates and air ducts for in and outgoing cooling air are of 
cast iron. The largest overall dimension of the stator, tak’en horizontally at the base, 
is 7.8 metres and the vertical diameter 6..t metres. To facilitate repairs the stator is’ 
placed on slides so that it may be moved axially. The armature is built up of stand¬ 
ard laminated sheets, dovetailed into stator frame and held together with steel rings 
pre.ssed and bolted in place; the outside diameter is 5 metres, inside 4,15 
metres and thickness axially O.o meter. 

The armature winding is arranged in two planes, 6 slots pe 
phase with three conductors per slot; the conductors are sub- 
diveded*with all sub-divisions insulated from each other and 
from the frame with micanite: as a result the windings can easily 
withstand 20000 volts alternating current between phases 
as well to earlh. Owing to the special arrangement for 
bracing the coil ends and the adequate way in wdiich they are 
secured, the machine can stand heavy short circuits with full 
excitation. Ihe machine is Y-connected with a separate 
connection taken from the neutral point. 



Fig. The **TIare LiiJe Hivor. 




Fig. Cl. Slaiot: of single-phase Porjus generator. 


The .l2-po]e rotor is standard construction made of Siemens-Martin Steel with 
poJepieces and outer ring in one, divided in ring sections, these being held together 
by bolts and shrunk on the rotor. The poleshoes are laminated and bolted to the 

polepieces. The field winding consists of 111 turq.s 
of copper strip wound on ed^e insulated to stand 
4000 volts alternating current to earth for 15 fninirles. 
Special attention has been given to the^cpiestion of 
moisture brought in with the cooling air, which in 
older installations has shown a tendencj' tq^condense 
on the rotor arms from whence it was thrown on 
to the field windings. The flywheel effect of the rotor 
is about 4200000 kgms - the shaft and bearings 
are of standard construction. At the present 
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Is buJlclJns 

(Tunnel for tail-race with draft tubes). 






Fig. (53. 


Express train on the Riksgrans Electric 


Railway Line operated with power from Porjiis. 


time the generators are excited from a central D. C. supply, but as soon as all the gene¬ 
rators are installed,each machine will be equipped with a separate direct coupled exciter. 

The weight of each machine is about 165 tons. The air cooling system is arranged 
somewhat differently to that provided with similar plants of about the same size. As 
already mentioned, the rotors are eejuipped with fan blades which serve to distri¬ 
bute the air and force it through the different channels. Air is blown into the ma¬ 
chines Irom air ducts which receive their supply from two pressure fans located in 
the switch house: each fan has a capacity of 125 cub. metres per second at a pressure 
of oO mm water gauge. These fans suck the air from intakes outside Ihe building, 
wl^ch in summer time are fitted with mosquito nets, and force the air through the 
different air ducts to the machines, thence to such rooms that require heating, and 
/many 4o the switchroom; in winter very little air is taken from outside the power 
station as Ihe air in the building is circulated through the machines 



Fig. Gl. The dam, Porjiis. 









Fig. C5. Single-phase generator on the lest bed for large machines. 


11. SINGLE-PHASE GENERATORS 

At the same time as the three-phase f^enerators mentioned above were delivered, 
Asea also furnished Porjiis with three single-phase generators built for a continuous 
output of G250 KVA at 4000 volts, 225 r. p. ra. - 15 cycles - at 80 «/« power factor. 

These generators supply power for the Riksgransbanan Klectric Railway and,are 
elected in the same underground power station as the three-phase genera tors described 
above. Two of the generators are each coupled to a 12500 HP turbine 'but -the 

third, together with one of the Ihree^iihase ge¬ 
nerators is coupled to one turbine as previously 
mentioned; this unit is the spare fqr both the 
single- and three-phase plant. 

Owing to the customary heavy peaks encount¬ 
ered in electric traction service,thegenera tors are 

designed to'deal with an overload of 10000 KVA 



Fig. 66. The “nig UUC”, Porjus. 
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al 80 "/o power factor. The nsachines 
are compounded on the Davidson sys¬ 
tem so that at an overload* of 10000 
KVA the voltage rises 20 “/o above 
the normal light load potential. 

As the distance between the power 
station and the railway is considerable, 
the highest permissible line voltage was 
the most advantageous; this necessitated 
stepping up the generator voltage, which 
I’ig. 67. Kotor during con.siruciion. accordingly Selected to secure 

Ih® greatest reliability, that is to say, a 
inding which would be electrically and mechanically strong and at the same time easy 
to repair. It was found that 4000 volts would be the most suitable as at this volta^ea bar 
winding could be used having only one bar per slot. To minimise losses each con¬ 
ductor is divided into two with micanite insulation between, and the whole is then 
insulated from the frame with moulded micanite. Outside the laminations the bars 
are connected with substantial end connectors supported on heavily insulated non¬ 
magnetic brackets, thus giving a strong and rigid construction to enable the machines 
to withstand heavy short circuits with full excitation. 

The slalor frame and coverplalea are of carl-iron and the frame conrlrncled to 
orm a chamber or duel lor the hoi air emanating from the machine. The iamin- 
ations which dne to the smati number of poles (only 8), are unusuaily aubstantial, are in 
accordance with standai-d practice, dovetailed into the stator frame and clamped w Ih 
steel nogs pul on nnder heavy pressure. These rings are designed with lingers extend¬ 
ing towards the air gap, each linger pressing on the laminations between two slots 
ieieby giving an even pressure and adequate support from the air gap to the stator 
hame. 1 e steel rings are held in place by heavy holts well insulated and placed 
at the centre and near the outer edge of the laminations. All laminalions are, as 
usual, divided up into sections separated by suitable spacing pieces to permit egress 
oC fooling air. there are 210 slots of which 160 contain the winding. The inside 
diamelM ol the stator is 4 metres, outside diameter 5 metres and the thickness axially 


Ihe rolof is Asea’s standard construction 
for large machines, built up of a number of 
steel ringj having the polepieces and ring in 
one piece and shrunk on a steel hub; six such 
rings are used on each machine, the weight of 
each ring being about 10 tons. 

The polepieces are laminated, witha regular bar 

3 <) 



Fig. ()8. View of the Forjiis Falls. 


winding embedded in half open slots, and arc dovetailed to the solid part of the j[)olc- 
shoes and these again are held to the polepieces by bayonet locks, thus assuring a rigid 
connection to the polepieces for these exceptionally heavy poleshoes. The damping 
winding bars are connected to short circuiting rings outside the poleshoes and are 
carried on extensions to the shoes to allow free circulation of cooling air to all parts; 
to obviate vibration these short circuiting rings are braced to the pole rin§. 

The field winding consists of 120 turns of coppei; strip on edge per pole; the inside 
diameter of each field coil is l.Oo meter. To prevent undue heating of the field coils 
they are designed with cooling fins consisting of wide copper bands, about 20 mm 
apart, placed between the turns of the coils; by this means the cooling surface of 
the coils is greatly increased and the temperature considerably lower than that 
obtained in coils without this device. 

The shaft is counter-bored its full length and has a Solid flange for coupling to 
turbine and an extension for the e.xciter armature. 

The bearings are water cooled with standard ring oilers, one of the bearings is insu¬ 
lated from ground to prevent the circulation of heavy.parasitic currents. The llywheel 
effect of the rotating masses is 4000000 kgms. The ventilation of the machine is effectively' 
accomplished by means of fan blades fastened to the rotor, which draw air from the 
common air duct supplying all the generators, as already described in the articlea*on 
three-phase generators. To insure an even temperature throughout the machine the 
rotor is designed with two radial air channels which force air through openings in the 
poleshoes, whereby a strong current of air is projected against the stator laminations. 

The weight of the generator is about 200 tons of which approximately 85 tons is 
in the rotor. As already mentioned the machines were designed on very liberal lines 
as proved by the lest figures, which demonstrated that the efficiency at full load was 
2 “/o higher than the guarantees without taking into consideration losses from eddy 
currents in copper and other parts. The temperature rise in all parts of the machine 
is very low and considerably under the guarantee. Short circuits were deliberately 
made during the tests without the least detrimental effect, although the current 
reached apjnoximately 15 limes the normal full load value. 



Fig. ao. Electric locomotive on the Porjiis Riksgriins 
Railway IJiie, The clay’s work is over. 
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Fig. 70. The raaehinery hall of Ihe Swedish Stale Poxver Station at AlvkarieJ>y. 


THE SWEDISH STATE POWER STATION AT 

ALVKARLEBY 

npHE AI vkarleby power scheme consists of a water power station at Alvkarleby with 

X standby steam turbine station at VasterAs, a very big power network embracing 
the Swedish provinces of Uppiand, Sodermanland, Vastmanland, Dalarna and GSstrik- 
land with transmission lines for 70000, 40000, 20000 and 10000 volts, transformer- 
stations, sub-stations, etc. 

At the power station at Alvkarleby, located on the river Dalalven, about 8 kms from its 
oiUfloivinto theBalticSea, there is approximately 250 cubic metres ofwater available per 
sec with a head of abou| 17 metres. The power derived from this water 
is iitilizea by means of five four-wheel turbines with direct connected 
three-phase "10000 KVA generators, 10000—11000 
volts', 150 r. p. m., 50 cycles at 80 ®/o power factor. 

After mikch discussion as to the frec£uency which 
should be adopted, three of the generators were 
eventually ordered in the Autumn of 1913 and de¬ 
livered in the Spring of 1915. The other two were or- 
deredin 1914 and delivered in the latter part of 1915. 



Pig. 71. Alvkarleby power station during con.struclioii. 
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Kig, 72. Stator for Alvkorleby goncralor. 

All the generators are totally enclosed, self exciting and self ventilaling. In general 
these machines are similar to those supplied for Trollhattan, excepting for such 
changes as were necessary owing to different frequency and speed. 

The outer diameter of the laminations is O.o metres and inside diameter 5.15 metres 
with an axial length of l.iD metres. 'I'he largest overall dimension of the stator taken 
outside the feet at the centre line is 7.flr> metres and the vertical diameter,is 7.2 metres. 

The winding is arranged in two planes, well braced, each 
coil being divided uj) into three open slots per pole,p,er 
phase with two conductors per slq^t. Each conductor is 
subdivided and separately insulated, the whole 
being insulated from the frame by micanite. 
The rotor is of Siemens-Marlin Steel, but o'wing 
to its great size and ahso because it i^ bad prac¬ 
tice to split the rotor ring, the polepieces were 
made sei)aratcly and secured to the ring by 
holts. Even with this arrangement the outside 
dimension of the I’otor ring was vex'y clo.se to 


Kg. <.t He Sttiich.house of Atvharleliy power sUitinn. 






Ihc ^Upu aled railway clearances, and had it been larger it would not ha^e l,een 
possible to transport by rail from Vasteras to Alvkarleby; special railway trucks had 

to be used and the rotor ring so placed that its lower egde cleared the rails with 
only a few inches to snare. 
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rig. 71. Uolor shaft for one of the gciioralors for AlvUarlcI)}- power slalioii. 

'I'he i;ing and polepicccs arc divided by a gap right through the centre, from which 
a strong current of cooling air passes, impinging on the centre of the stator lamin¬ 
ations. Apart from this, ventilation 
is also obtained by fan blades fixed to 
the rotor, which draw in cool air from 
the ventilating system, forcing it over 
the windings and laminations and out 
through the box section of the stator 
frame, thence through a duct to the 
warm air system. 

The poleshoes are laminated and 
dovetailed to special extensions cast in 
one wilh the polepieces. This more 

l-lg. 75. Gcncolor during ercc.lon in ,he power sla.ion. WaS USCd 

on account ol the railway cleai'ance and 
as, the rotor ring and polepieces could not be made in one casting there was no 
object in making the jioleshoes and polepieces 
in two Separate parlsj it proved just as easy 
to lake oir the licld coil and polepiece together 
as the method ol taking off the shoe and then 
the coil. iCach field coil consists of 37 turns 

Ihc hub as well as the ring and polepieces 
are of cast steel wilh six hollow arms, to which ., 
the rotor ring is allached. The shaft is made C ^ .. 








Fig. 70. The jiiaLn tiam. 





with a solid llange for direct coupling to the turbine, and is counterbored the full 
length. The bearings are standard, oil ring lubricating and water cooled; the flywheel 
effect of the rotating masses is about 3600000 kgms. 

The weight of each generator is appro.vimately I'JO tons; of this 95 tons is in the 
stator and 70 tons in rotor, the remainder in bedplate, bearings, etc. The weight of 
the exciter is about 5 tonS. 
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Fi^. 79, Stator of Untra f^cnorator. 


THE CITY OF STOCKHOLM’S POWER STATION 

AT UNTRA 

POR some lime past the management of the City of Stockholm’s Power Station 

whicS^I the advisabilily of constructing a water power staUon, 

ch in conjunction with the steam power house at Vartan, could deal wilh the 
rapidly ilicreasing demand for electrical energy. 

Consequently in 1904, the City Authorities pur- 
chaseti the waterfalls at Untra on the river Dalai ven, 
hut legal (difficulties arose and the building ope¬ 
rations for the station could not be started un- 
^il 1912. 

Ihese falls, located about 30 kins from the 
river’s outflow into the Baltic Sea, had a total 
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Fig. 80. The generator room at Untra 
during construction. 












KIB'SI. 153 men In staler or one of the Uiilrn generator?. 


head of I").:) inetfcs nl'lcr exleii.sive dtiiii and water controlling device.s had beegin- 
.stallcd. and with a water voltiiiit! of about 250 cubic iiielrcs per see. The available energy 



i.s utilized Ihroiigh live double turbines-each 
lor 10000 HP. The present installation is 
laid out for 50000 HP, plus the power r.e- 
(|iilre(l for auxiliary machines lyhich is de¬ 
rived from a sejiarate equipment. After sub¬ 
mitting estimates Asea received an order fo/ 
four three-phase generators to be delivered 
in 1017. 

4G 


Fig. 82, Powcr-KlalJon fliul Kplll-wiiy jti May lulH, 









Each generator is designed 
for a continuous full load of 
9000 KVA, 6800 volts, 125 r. p. m., 
25 cycles. They are of standard 
construction, i. e. stationary ar¬ 
mature and rotating field on ho¬ 
rizontal shaft. These genera¬ 
tors differ from others of the 
same size*in that they are only 
partially enclosed. This design 
was decided upon on account 
of the low speed, at which no 
unpleasant noise would be pro¬ 
duced by air currents and also 
because the air needed for cool- 



Kig, 83, Rotor of Untra generator. 


ing could be taken from and discharged direct into the generator room without un- 
pleasan*l results to the attendants. Cast iron shields are placed over the coils with 



removable inspection doors si¬ 
milar to those on the totally en¬ 
closed machines, with the ex¬ 
ception that these guards only 
project beyond the stator coils, 
field coils and rotor ring. Fan 
blades are attached to the 
rotol ring which effectively 
cool the field coils, laminations 
and stator coils, the air passing 
thence to the stator frame 
which is specially designed 


Fig. 84. Rotor and exciter of Untra generator being erected for testing. 


to deal with the warm air. 


frame is totally enclosed to prevent warm 
the. generator pit which latter is connected 


The lower part of the stator 
air from the machines getting into 
to 


the outside,of the building through an adjust¬ 
able, air duct. Openings on top of the stator 
permit warm air to escape into the power house. 
These generators are of no special interest beyond 
their large size. 

The castings are iron, the stator frame being 
split horizontal!}'; the greatest dimension across 
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Fig. 86. Dam across lake Storgj’slngen, Unira. 





metres. The hmtatte,ll?reVrran"eT'n ‘Xe t’“'”'l‘"°‘"‘“"8 « e.or, 

e.er of 6 metms. ,„si„e diameter "of 5,'" me“„r,': ^“ "f™ ”" “'™- 

^ng IS divided in dve half open slots Dei- nnl ‘o metres wide. The wind- 

of two liars connecled oul.side the slots with rn' *T!’ “"‘•““‘ors consist 

was selected owing to the fact that the voltase h-i^f'^ <=on“ootors. This type of winding 
line toStockholn, so that it wrs not 2te i an 

the generators were wound. The destoners ' ’'of what voltage 
ensure ahsolnie reliability, easy IntecZ J“" "I" ”‘"'*'"8 « 

m a tube of Insulating material oivinu o' ’’'^Poir. Bach bar is enclosed 

also between bars, the winding is’sLre'd1o°b, “r'^ fmme but 

a rono '’7'=:":’,”'"^'0= lominationsavlTereby 

Inrof , T with no 

dan e. ol cotls distorting under short circuits.. The 

stator terminals are placed at the bollom of the 

tame, which is the most convenient position for 

conneeling the generator lo the cables from Ihe 

wj^hboard ,0 which ihey are led through the at 
ducts mentioned above. 


87. .Spia-wuy from power .-tliiHoii. 
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Fig. 88. Group of bearlags for Trollhatian, Unlra and olher Jnstallalions. 


The 24-pole rotor is of cast steel and the poleshoes and polepieces divided into 
two parts bolted together with a space between, forming a channel for cooling air The 
whole is shrunk on to cast steel hollow arms. The rotor Ps not designed according to 
Asea standard construction with polepieces and ring in one, but the polepieces are 
ma e separately and secured to the ring with bolts: this design was used to avoid split¬ 
ting the ring, which, had the polepieces been cast on to it, would have been too large 
lor transport by rail. The solid poleshoes are in one with the polepieces. The field 
winding, consisting of 115 'h- turns of copper strip on edge, is rather unusal in that it is 
designed for a working pressure of 440 volts. 

Ihe collector rings are located between the rotor and the outside bearing, and con- 
tarylo Hsual pracllce, Ihe connecling cable., do not in this case pass through the’shaft 
but are secured to its surface in the same manner as 
on small machines. 

Lach generator has its own exciter direct connect¬ 
ed to the rotor shaft but with its stator mounted on 
"'an independent bedplate. 

The shaft of the generator is furnished with a forged 
flange coupling for connecting to turbine and also 
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Fig, 81) The IieacUgaLes. 



with a ^ihaft extension for receiplion of exciter armature, and is coiinterbored the full 
length. Ihe flywheel efifect of the rotating masses is approximately 1850000 kgms. 
The bearings are standard ring oiled, and water cooled. 


Ihe weight of each generator is approximately 150 tons, the stator weighing56 tons, 
rotor 45 tons, bearings and bedplate making up the balance. The weight of the e.xciter 
JS about 7.5 tons. From the generators curreot is taken through very simple and 
easily accessible switchgear to the transformers, which are three-phase, 6800—100000 
volts, one transformer being installed for each generator. The higher voltage is used 

for the 130 kms transmission line to Stockholm, this being the highest vdltage used 
in Sweden. 


In Stockholm the transmission line is connected with the steam station at Vartan and 

the potential is stepped down to 6000 volts for use at the sub-station and in the distri¬ 
buting network. 



90. Slator halves of Untra generator. 
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Fig. 91. Interior view oi‘ Yngeredsfors power station after fir.st extension. 


YNGEREDSFORS POWER COMPANY 

T he Yngeredsfors Power Company was formed in 1904 to make use of the water 
power available in the Atran River at Y^ngeredsfors, the Company having secured 
1 ights to extend and follow out the plans of the older Companj\ A proposal by the 
iirm A.-B. VattenbyggnadsbyrSn, Stockholm, to erect a dam 8 metres high and 140 
metres long across the river valley was adopted and completed during 1905—1906 
whereby the head could be brought up to 18 metres. It was first proposed to build 
the Power Station some distance below the dam, but later the location was changed 
to the North West en^. The station was laid out to take four units, of which three 
were installed at once, together with two turbine driven exciters. 

The turbines for the exciters are placed in vertical steel housings 
inside the power house. 

Directly connected to each of the turbines is 
'an Asea three-phase generator built for a con¬ 
tinuous output of 2350 KVA, 4000 volts, 250 
r< p. m., 50 cycles at 80 ®/o power factor. These 
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Fig. 92. Dam al Yngeredsfors. 









were ordered and designed in 1905, built during 1906, and erected in the power house 
in April 1907. Although at the time of erection these machines were amongst the 
largest built by Asea, compared with preseni day machines they would only be classified 
as of medium size. They are of the open type with rotating field, armature in stator 
rame of cast iron mounted on a cast iron bedplate, embedded in the concrete found¬ 
ation. Largest overall dinfension across stator feet is 5.-16 metres, the length of shaft 
IS 3.84 metres from the turbine flange to end of collector rings, which are beyond the 
smaller bearings; the centre line of shaft is 0.« metres above the floor and the highest 
point on stator 2.9-1 metres above floor level. The armatures are standard construction 
with radial cooling ducts and have a three plane winding in partially closed slols 
In accordance with standard jn acfice at that time, the ojienings in stator frame were in 

e periphery, not on the cylindrical ends as now designed. The stators are split 
honzontally and have one detachable foot. 

Ihe rotors are made of Siemens Martin ISteel, 
with polepieces and ring made in ooe, the pole- 
shoes being secured with bolts. To obtain the 
nece.s.sar 3 'regulation in the turbines the ll^’wheel 
effect of the generators was increased by an ad¬ 
ditional ring of cast iron secured to the rotors 
bringing up the (ID* to 70000 kgm*. The field 
windings consist of two coils per ])ole concent- 
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Fig. H YngeredsroK-MoInrtalsIlnjoii tle-slnlion 
at Veddige. 






rically wound 
with copper 
strip on edge. 
The shads are 
provided with 
a solid flange 
at one end for 
direct coup¬ 
ling to thetur- 
bines and the 
other end is 
counterbored 
to allow egress 
for leads from 
the field wind¬ 
ing to thecol- 



Flg. 95. Frequency changer for Molndal in the test room for large machines. 


lector rings placed outside the bearing. The bearings are standard with ring lubri¬ 
cation. Total weight of each machine is about 40 tons, the stator weighing 16.6 tons, 
th^ r^tor 15 tons, and the remainder in bearings, bedplate, etc. 

One of these machines was shown at the Norrkoping Art and Industrial Exhibition 
in 1906 and created much interest owing to its unusual size. The highest award in this 
class was conferred upon Asea for this exhibit. 


In 1915, the time had arrived to complete the power station, and the fourth generator, 
also supplied by Asea, was installed. This machine was of the G type rated for a con¬ 
tinuous output of 2850 KVA, 4000 volts, 300 r. p. m.,50 Q-cles at 80 °/o power factor. 
This generator like the older type has rotating field, and armature in stator frame, the 
latter of cast iron mounted on a cast iron bedplate embedded in concrete. Largest 
overall dimension across feet, 4 metres. From the turbine coupling to the extension 
cairying the exciter armature, the shaft is 3.05 metres in length. The centre of machine 
is 1 metre above floor and the highest point of stator 2.ee metres above floor level. The 
GDJ of the rotating parts is 45000 kgm*. In order to obtain such a large flywheel effect 
for this size of machine extra rings were fixed on 
each^side of the field-coils, and these like the 
rest of the rotor are of Siemens Martin Steel. 

The weight of the machine is approximately 32 
tons, of which 14.2 tons is in stator and 14.o tons 
in rotor, the balance in bedplate, bearings, etc. 

The terminal voltage of the generator is 4000 
which is stepped up through Asea transformers 
to 40000 volts for the transmission lines also 
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Fig. 96. Transrormer station at Molndal. 







supplied and erected by Asea. Power is distributed through this network partly to 
agricultural districts, adjacent villages, and to thecities ofGothenburgand Varberg. In the 
latter town the power company has a standby station equipped with two steam turbines 
lurnished by Asea. This station was originally built for one generator of 2340 KVA, 
4000 volts, 1500 r. p. m., 50 cycles, which was delivered in 1907, but in 1911 it was extended 
to instal a second machine of4350 KVA, 4000 voltg, 3000 r. p. m., 50 cycles. Both of these 
machines were the largest of their kind manulhctured in Sweden at that time. 

In addition, Asea has supplied a frequency changing set for the power company’s 
sub-station at Molndal, close to Gothenburg; the motive of this was to be able to 
connect "with either Trollhattan or Yngeredsfors stations, but as these are 25 and 50 
cycles a frequency changing set was necessary. 

1 his sub-station, apart from auxiliary machines, is equipped with two direct coupled 
synchronous machines direct connected to one starting motor which can be run from 
either system. Each synchronous machine can be run as motor or generator in order 
to take current from either system and deliver to the other. The set is desioncS for a 
continous output of 5000 KVA, 10000 volts, 375 r. p. m., 50 and 25 cycles at The lowest 
power-factor cos. © = 0.6. Both machines are mounted on a common bedplate with 
one middle bearing, but apart from this each machine is self-contained. They are 
totally enclosed and provided with cold and warm air ducts. The rotors ar^ fitfed 
with fan blades which draw air from the machine pit, which is enclosed and fed by 
an air duct connected to the outside of the building. After the air has passed through 
the machine it is expelled through air ducts on each side of the lower half of the stator 
frame. With the exception of this feature the machines are built on standard lines 
having no details worthy of special mention. The total weight of the set including 
bedplate and starting motof is approximately 127 tons, of which the 50 cycle machine 
weighs about 47 tons, the 25 cycle about 64 tons, the remainder being allocated to the 
starting motor, etc. The rotating parts weigh about 37 tons and their flywheel effect 
(GD^) is 135000 kgm^ The shaft is carried by three water cooled ring-lubricated bearings 
with a solid flange coupling connecting the two short machines shafts together, 
rhe set including the starting motor occupies a space of 8 metres axially, 6 metres 

wide, 3.37 metres high, and 2.2 metres below floor level. This set was installed during 
the early summer of 1917. 






Fig. 98. Interior view of engine-room. 


oxelOsund iron works company 

N all countries where Asea has installed large generators up to the present time, 
the conditions have been such that water power was available and utilized; as a 
result of this the majority of the large generators has been for direct coupling to water 
turbines. This has, however, not prevented Asea from securing orders for generators 
of other designs as shown by the installation at 0xel6sund, and the supply of turbine 
driven sets which at the time of erection were the largest of their type then built. A 
description ot this class of generator cannot be given in this book as it is primaril}' in- 
tende'd for slow speed machines. To this class can be added the three large three-phase 
gas engine driven generators at the Iron Works 
at Oxelosund which have recently been put 
into operation, and we herewith give a short 
description of same. The ofder for this instal¬ 
lation was placed in the spring of 1914 and the 
machines were delivered in 1915. The order 
not only covered the 3 three-phase generators, 
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Fig. 99. Machining stator frame. 





Kig. lOO. Large stator frame. 


exciters, switch-gear and auxiliary apparatus for the power station, hut also the whole 
of the electrical equipment and auxiliary plant. 

Each generator is designed for a continuous output of 13(K) KVA, 3150 volts at Of 
r. p. m., 50 cycles. The power generated chiefly used in the Iron Works, hut part is 
distributed for running smaller plants in and around Oxelosund. After the trans¬ 
mission lines of the big Alvkarleby power scheme were dislrihuted over the jirovince 
of Soderraanland, they were connected to the Oxelosund system so that the gas engine 
station at Oxelosund Iron Works acts as a stand-by for the South Eastern area of 
the power company’s system, in the same way as the steam turbine station at 

VasterSs, lakes care of the North Western area. 

The generators are of lhe*^horizontal opeif ty])e 
with rotating field and armature coils in stator frame. 
The shafts for these generators were not furnished 
by Asea, but by the gas engine builders who also 
su[)plied the bearings. As the cyclic irregularity of 
gas engines, (which in this case arc driven by blast 
lurnacc gas) is bad, it was necessary to instal a heavy 
flywheel to give an even turning moment. In the early 
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Fig. 101. riywhcel half. 









Kig, 102. The three generators showing llywheel con.strtielion. 


days it was standard practice to equip a gas engine with a separate Jlywheel, but in 
this case the rotor was designed with a big flywheel effect to obtain proper conditions 
for parallel running. In consequence of this, the generators had to be built with a 
very large diameter to save excessive weight in the rotor, it being necessary to reduce 
the cyclic irregularity to 1/235. To secure this result a llywheel effect (GD®) of no less 
than 1600000 kgni* was required, representing a kinetic energy of 1300 kgms per HP. 
1 heso generators have the largest diameter of any built bj"^ Asea and across the air gap 
measure 6.3 metres, whilst the overall dimension across the feet is 8.8 metres; the vei*- 
tical outside diameter of the stator frame is 7.88 metres and although they have a large 
diameter the axial width of the rotor ring is 
only 0.65*metre. 

The statoi; is of standard construction with 
laminations dovetailed into the frame; the wind¬ 
ing is arranged in two planes and occupies a 
great number of partially closed slots; the rotor 
has polepieces and poleshoes of forged iron, 
secured with bolts to the cast iron flywheel 
ring; the field winding is copper strip on edge. 

57 





Fig. 103. Three-phase gererators driven I»y gas engines 
with separate flywheels. 




Allhough the above menlioned cyclic irregularity of 1/235 was permissible in this in¬ 
stallation, where the even running of the motors was not of such importance as for 
in.^tance in the textile industry (where an irregularity greater then 1/300 is not permiss¬ 
ible) it was decided to make all possible provision for good parallel operation between 
the generators, and to ensure this the poleshoes were provided with plain (hmi])itig 
windings which proved advantageous. 


lo facilitate easy handling in the shops, and also during transport, the stator as well 
as the rotor was divided into four parts, bolted together. Some of the machining 
work had to be done with these sections securely connected together and'could only 
be dontf in Asea’s Works - thanks to the excellent shop facilities existing: it was 
problem requiring careful consideration and preparation but was bandleil with the 
greatest credit to the shop management. 

In Iha event of repairs being necessary ali paris must be readily acressiiiio nmi lo 
e ec tbis the stator is mounted on a base which perniiis ofaxiai movement lo elenr 
le ro or \yn ings. With this arrangement any part of the rotor or slnlor can lie 
repair^ without Inking the slnlor frame adrift or lifting the rolor Iron, ils lienri.igs: 
genernlly speaking this is advaniageons but in a special machine of this naiiirc 
.in nrrnngenient becomes n necessity. End. generator weighs ohoni r, ions of which 

tl he";;:,: 1 .. 

Ilri?;; T'"' “ “‘''l>“'ienl exciler, one for each machine hell 

:r™."nr 

wim ■’“'p -'•i' «'■•i"ii'pe,i 

and bars the gas enoine round until a ch 7 " ‘’"'o*' 

When ihe engine s.a”r,s and a.-omahrei^CSlte^I^^^^ 



Fig- lOi Machining rotor. 




Fig. 105. Interior of Bullerforsen power station after final extension. 


STORA KOPPARBERGS BERGSLAGS COMPANY 

F or the various installations of this company — one of the oldest and largest in 
Sweden Asea has had the pleasure of supplying electrical equipment of the most 
varied types, the most important of which is the hydro electric station at Bullerfors 
on the river Dalai ven. 

The first contract in^connection with this station was placed with Asea in 1908, but 
owia^ to various reasons (one of which was the 
general strike in 1909) the work was not com¬ 
pleted until the spring of 1910. This installation 
consists of 3 three-phase generators each of 3500 
KVA, 7000 volts., 180 r. p. m., 60 cycles together 
^vith field regulators. 

This order was followed by a second one in 1912 
for one more generator but of a larger capacity 
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Fig. 106. View of power station and dam at Bullerforsen. 
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Fig. 107. 3800 KVA three-phase generator in BuUcrforsen power station. 

w.. 3800 IvVA. Later diifing the same year Asea received a further order for two 

miar pan of 1913 tal .mmediaWy pul i„to servica by Ihe purohascT- II,u In.I 
machine was put in commission in Februaiy 1911. 

“without dangerous hTadn^n^^^TheT continuoii.s ovttrloud 

eeroua healing . The generalors were so liberally designeil Ihut II,uv cm.I.l 

stand 10 »/. continuons overload and alill be wirhin' [l,,.- 
lemperalure limit specified for'full loud, an,l.„i,',ul,li- 
bonal 10 /. could be added lo Ibis wilhoul Ihe Icui.e- 
lalure rising sunicieully lo endanger Ihe iusululion. 

1 he orders for the additional generators were 
based on this, consequently the .speci/lcalioi, 
called for a contioniious oulpui of ^aOO KVA* 
plus 10 7o or about 3800 KVA with an over¬ 
load of 10 7o without dangerous healing. 


lOS. Dam gna power staUon gt BiUlerforscn.. 








Fig. 109. Interior of Hiillerforscn power station after first extension. 


The three original generators were also run at 3800 KVA, giving the station a total 
capacity of 22800 KVA. One of Ihe reasons for raising the rated capacity of the gene¬ 
rators was, that after some time the water supply was found to be more favourable 
than at first anticipated. 

The bulk of the power generated is used in the Company’s iron works at Domnarvet, 
partly for driving mills of which one installation is of special interest, this consisting 
of an Asea direct current reversible motor rated at 3600 HP (maximum 9200 HP at 

60 r. p. m.) driving a universal rolling mill, and parth^ 
for el%ctBometallurgica*l work, furnishing power to 
electrical furqaces of the Helfenstein type. 

The six generators are identical, of the open type 
with rotating field, stationary armature and horizontal 
shaft with solid flange coupling for bolting to the tur¬ 
bine shaft. These generators were among the first of 
the new large generator series built by Asea. The 
stator frames — split horizontally — are of cast iron 
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Fig. 110. Flywheel of motor generator .sol for 
reversing rolling mill motor at Domnarvet. 







provic^ed with a number of ventilating holes on the peripher}'. The laminations are 
secured in the usual manner by dovetailing to the frame and held together by heavy 
flanges, the bolts for same being placed near the outer edge and as far away as con¬ 
venient from the magnetic flux. The lantinations are divided into sections with radial 
cooling ducts between, and have 360 slots for the reception of the coils. The whole 
of the stator windings are insulated from the .frame by staggered micanite tubes; the 
free ends of the coils are protected against mechanical injury by cast iron end shields. 
The three-plane type of winding was selected to obviate splitting the coils at the division 
line of the generator frames. 

The A>tors are of standard construction of Siemens-Martin Steel with polepieces and 
polering in one. For the regulation of the turbines the necessary flywheel effect is 
obtained by providing heavy iron rings cast in one piece with the arms of the rotors, over 
which steel rings are shrunk. The field windings consist of one layer of copper strip 
on edge, insulated and held in position according to Asea’s standard construction. 
The flywheel effect of the rotor is 1000000 kgms. 

As is customary in the older type of generators, the collector rings are placed outside 
the bearings and the shafts are bored for about half their length in order to Bring out 
the connections from the field windings. In later types this style of construction has 
been abandoned, partly because it made the shaft so much more expensive.*' It^was 
also found difficult to make a permanent and satisfactory job of the insulation where 
the cables entered the shafts, and experience proved it to be just as easy to supervise 
the rings and brush gear when located inside the bearing, as they require very 
little attention. 

The floor-space, taken by each machine parallel with the shaft, is 4.36 metres measured 
from the flange of the tifrbine to outside of collector rings: the overall dimension 
acrdss feet is 6.1 metres and from floor level to highest point of stator 3.fl metres. The 
centre of the machines is 1.026 metres above floor level and the depth of generator 
pits 1.7 metres. Neat wrought iron hand rails are placed round the generator pits and 
the generator room is very attractively furnished; in fact the whole power station is one 
of the best arranged and equipped that has been built. 

The weight of a complete machine is 61.5 tons of which the stator weighs 28 tons, 
rotor and shaft 23 tons with the remainder in bedplate, bearings, etc. 



Fig. 111. Double direct current motor, 9200 HP 

for reversing rolling mill motor at Domnarvet. g2 





Fig. 112. Interior of Giillspfing power station after linal extension. 


GULLSPAnG—MUNKFORS POWER COMPANY 

A SKA contracted with this company as early as 1906 for the construction of the 
electric equipment required for the contemplated power station, but owing to 
its large size, it took a considerable time to complete; in consequence of this it was not 
until the late summer of 1908 that the plant was started up and commenced to supply 
poyver, and by the earlj^ aiitumn the station was in continuous service. 

The contract called first for 3 three-phase 
generatoffs of the then standard “V” type, 
each of 3500. KVA, 5000 volts, 250 r. p. m., 

50 cycles, and two exciters each capable 
of supplying three generators, together with 
all switchgear for the 5000 and 40000 yolt 
system and transformers for stepping up from 
5000 to40000 volts. The following year Asea 
received a further order for one more gene- 
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Fig. 113. Exterior view of power slalion. 

















Fig. Ill Oullsp&ng generator room 1910. 


rator but somewhat bigger, of the same ‘^V” type output 3950 KVA, 5000 volts, 250 r. p. m., 
i>0 cycles^also a transformer of the same capacity together with the necessary switchgear.’ 

In 1915 it was decided that the company should connect up with the State power 
station in the Province of Vastergotland, and Asea received an order for the necessary 
machinery with switchgear to be installed in the substation at LidkO- 
ping. This consisted of a frequency changing set made up of one 25 
cycle, three-phase synchronous machine and one 50 cycle machine 
— both Asea’s standard G type rated at 3750 KVA, 
3000—3300 volts, 300 r. p. m., with direct coupled exciter;' 
also transformers for stepping down the line volfog^ from 
50000 volts at 25 cycles to the motor potentialrof3000 volts, 
and forstepping up thegeneratorvoltagefrom 3000to40000 
volts on the 50 cycle side, together with complete switchgear. 

The following year the power company decided to inslal 
an additional generator at Giillspang for which Asea re¬ 
ceived an order in the spring of 1916 this covering a three- 
phase machine of the standard G type having a capacity 
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Fig. llo, Power station during construction. 





Fig. 110. Fre^iiiency changer at LidkdpiDg. 


of 3950 KVA, 5000 volts, 250 r. p. m,, 50 cycles, also complete switchgear; the machine 
was put into operation in the spring of 1917. 

The first generators delivered to Gullspang are, as already mentioned, of the “V” type 
3500 KVA, 5000 volts, 250 r. p. m., 50 cycles, constructed with stationary armatures, rotat¬ 
ing fields on horizontal shafts with solid couplings for connecting to 
turbines. The stator frames are made without openings at the ends but 
have rectangular openings in the periphery as outlets for warm air. 

La^ninations and windings are arranged in the usual manner, the latter- 
'made as a three plane coil winding, is divided into 216 semi-closed slots 
and-insulated from frame by means of seamless micanite tubes. The 
winding is protected from damage by standard cast iron end-shields. 

To obtain the requisite flywheel effect for turbine regula¬ 
tion, the rotors are fitted with a large ring made in two sect¬ 
ions, the outer section being of .Siemens Martin Steel with the 
polepieces in one with it shrunk on the inside cast iron ring. 

The cast iron rings are widened and cai'efully machined to 
take the steel rings; the GD® of the rotors is 97000 kgra'"*. 
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Fig, 117. EKcavations for foundations. 





I’ig. 118. 3930 KVA generator dcUvered In 1909, erccled for lesling. 


The Held winding of cop¬ 
per sirip on edge in two 
concentric layers is held 
in position by solid pole- 
shoes bolted on to the 
polepieces. The" shafts 
ai-e bored to take the con¬ 
necting leads to the field 
winding, and'the collec¬ 
tor I'ings placed outside 
the bearing. The overall 
length of the machines 
from turbine llange to 
collector rings is 3.76 
metres, and overafl width 
5.46 metres; fromthefloor 

level to highest point of 
stator IS 2.9 metres whilst the centre line is 0.75 metre above floor and the depth of 
Ihe generator pit 1.65 metres. 

The station has an air duct system to supply cooling air, taken from the outside and 

discharged into the machine pits; the warm air escapes from the machines direct to the 
power house. 

Ihe generator ordered the year after and rated at 3950 KVA, 5000 volts 250r p m 
oO cycles, is in general dimensions the same as the machines already described but 
owing to Its larger capacity has somewhat different windings and laminations. 

1 u-o rv?its capacity of 
144O0 KVA the largest power station in Sweden, remarkable at that time, not only for 

1 s aggregate but also for the size of the individual machines. These were the largest 

three-phase generators then installed in Sweden, also the trans¬ 
mission line and voltage were the maximum then in use. The 
power lines run from Gullspdng North East to Orebro - wh.ere 
they are connected to the Orebro Electric Company’s power- 
system in a transformer station outside^the town — a«id "South 
West to Lidkoping with several branch lines West and South. 

In the latter town a connection will be made with the state 
power system at Trollhattan. The normal pressure of Ihe Gull- 
spdng .system is 40000 volts. 

At the time the power station was built provision was made 
ior extensions, which were carried out in 1916—1917 when a 
new machine was installed. This was of 3950 KVA, 5000 volts, 



Mg. no, Paltei^ for slator half of large 
AC generator. ® 
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250 r. p. m., 50 cycles. The 
generator, which is now 
known as type (i is erec¬ 
ted on its own bedplate, 
built with a stationary ar- 
mature,and rotating field 
on horizontal shaft. 'I'his 
machine unlike the older 
generators,* has air open¬ 
ing on the cylindrical 
face of the stator frame 
as shown in Fig. 120 which 
allows the warm air to 
escape radially and not 
parallel to the shaft as 
in the older types. (See 
Fig. 118). The armature 
winding is arranged in two planes and the coils are wound in 216 half open slots 
insulated in the same manner as the former types. 

The flywheel effect of the rotor is relatively large, (GD*) — 103500 kgm* and the rotor 
is designed with two rings, the outer made of Siemens Martin Steel with the polepieces 
in one piece with it and the inner made of cast iron in one piece with the spokes and 
hub. The steel ring on this rotor is of the same width as the castiron ring, making a 
flush finish on both faces. The field winding is copper strip on edge, one layer per 
coil, held in place in the same way as on the first generators mentioned above. The 
collector rings are placed between the bearing and rotor, the shaft is provided with a 
solid flange coupling for bolting to the turbine. The overall length of the machine is 
3.67 meh'es from the turbine flange to outside bearing. The width is 4.7 metres which 
is the greatest overall dimension; from floor level to highest point on stator frame is 
2.83 metres and the generator pit is 1.8 metres deep. 

The weight of the machine is 45.4 tons, of this 18.2 tons in the stator, 23.3 tons in rotor 
ana shaft, and 3.9 tons in bedplate, bearings, etc. 

To'be, able to conflect up to the TrollhMtan 
system a freguency changing set was installed in 
Lidkoping, as previously mentioned. The genera¬ 
tor (type G) stator is designed so that all outside 
demensions are identical with the motor, thus 
giving the set a more symmetrical appearance. 

This set is constructed with two bearings, the sta¬ 
tors being placed close together on one bedplate. 
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Fl#j. iUO. 39r)0 KVA gcneralor delivered in lOlfi, creeled for testing. 


Fig. 121. Rolor for large AC generator being machined. 







Ihe inherent Jsadvantage in cooling is compensated for by having radial codling 
nets in rotors which project a powerful air current on the centre of the stator windings 
rhe result of this is that the temperature rise of the generator is considerably below 
pecification. The rotor is made of Siemens Martin Steel, field coils are wound with 

piece The field current is supplied by an exciter fixed to one of the bearing 
pad«tals, w«h .he ar„.ah.re pressed on .0 ,he generator shaft ex.e ston Th! 
arrangement of d.reet connected exciter was converfien. as the motor is a svnehronons 

“e Mt^r^d from the T ‘ llh-°,‘, 

ne cieiiwered from the Trollhattan system to Gullspang. 

Wfih regard to the motor, it might be of interesUo mention that it is the largest 
S3^nchronoiis motor in Scandinavia. ^ 

twZr^°^^ 'V' """ bedptate, the two rotors are on one shaft wilh 

two bearings, which are water cooled and ring lubricated. One of the bearings is insu¬ 
lated from earth to prevent parasitic currents and the water pipe of the coolZsystem 
IS cut and an insulating piece inserted at the break. ” ^ 

I he overall length of the machine is 5.!):) metres including exciter 4 o metres outside 
.stator feet and 2.05 metres from floor level to highest point on stator frame The pit is 

!o Jr connected with the outside of the building by a duct anraUd 

to allow the cooling air to enter at the centre of the machine 

The weight of the complete set is 82.6 toes - of this the generator weiohs 32 s tons 
Ihe motor tons, Ihe holnnce being in shaft, bedplate, hearings, exciter” etc ' ' ’ 



122. Discharge at horn gaps. 




Fig. 12S. Forsliiiltsforsen power station. 


UDDEHOLM COMPANY 

HIS ('.ompany was one of the first in Sweden to produce pig iron ore on a 
large scale by means of electric blast furnaces, and has now, after exhaustive ex¬ 
perimental work demonstrating the practicability of this system, several electric 
blast furnaces, installed at these works at Hagfors in the province of Varmland. 

To furnish power for this and other electrically operated plants, it was decided 
as eai^y ■as 1906 to develop the company’s water 
power at Foi'shultsforsen on the River Klaralven. 

As the demand for power was not very great at 
first, it was decided that only part of the aggre¬ 
gate 20000 HP should be developed, but the dam 
and buildings were constructed to deal with the 
total power available. 

In the spring of 1910 Asea received orders for 
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Fig. 124. Exterior view of power station. 










Fi«{. 125. Seclion of power slalioii. 


3 three-phase generators having a total capacity of 7800 KVA, exciter equipment 
of sufficient capacity to deal with the whole station when eventually completed 
i'ofi necessary switchgear. This order was executed during the first half of 
11 and l^vo years later Asea received a further order for two more generators 
Identical with those originally supplied, for extensions to the station. The demand 
01 power steadily rose, so that after two years the station was fully loaded and 
. sea received a further order for two more generators similar to the previous ones. 

These machines were delivered in 1916, bringing the 
total capacity of the power-house up to the estimated 
21000 water horse power available and for which .the 
station had been laid out in the first instance. 

Ihe demand for power continued to increase at-such 
a rate that in the following year the company was forced 
to commence developing their water power at Kra- 
kerud -- a water fall a little further up the river. Asea 
received the order for the electrical equipment of this 
station and the generators fore same will soon be ready 

for delivery the total capacity of this new plant will 
be 12500 HP. 
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Fig 120. rannforseu In JamUand. 






Fig 127. Switchboard at'.Forshiiltsforsen power station. 


The seven Ihree-phase generators at Forshiilisforsen power station are designed 
lor a continuous load of 2600 KVA, 12000 volts, 187.6 r. p. m. Investigations 
showed that the most economical way to transmit the power over the 15 km line 
was by using the highest generator voltage possible and connecting direct to the 
electric furnace transformers without stepping up. It might be suggested that by step¬ 
ping up, a more advantageous generator winding could be used and a voltage 
suitable for transmission selected, but it was found that double step-down trans¬ 
formers would have to be used to get down to a suitable voltage for the furnaces. 
On these grounds, Asea suggested using the generator voltage for transmission, and 
the ^machines were accordingly designed for the highest permissible voltage con¬ 
sistent with thorough reliability. For this reason 12000 volts was selected and 
since'the* installation has been in service it has proved beyond doubt that this was 
the most satisfactory way of dealing with the 
situation. During the whole time it has been 
running (which in 1916 totalled 100000 generator 
hours) the system has worked perfectly with one 
minor exception, when one of the generators 
developed a partial short. It must be empha¬ 
sized that these generators work direct on the 
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Fig. 128. View of Porjus Falls. 






Ing, 120. View of general or room taken from the switchboard gallery. 


overhead transmission line, which aher all is regarded — and rightiv so — as an un¬ 
desirable practice, but the special nature of the transmission and the purpose for which 
!. rnlly warrants the procedure. One of the generators, designed 

1-000 volts, has lor one year been nsed to feed an overhead 14500 volts transmission 
line without the slightest trouble, 

f / ^i^ rstationary armature, rotating field carried on horizon¬ 
tal shafts, fitted with solid flanges for couRling to turbines. The stator frames are of cast 

iron provided with openings as exits for warm air. 
1 o ensure good ventilation and prevent unpleasant 
air circulation in the generator room, the ma¬ 
chines are lurnished with cooling air brought from 
outside through ducts under the floor connected to 
the generator pits. On account of the low frequency 
the stators have comparatively thick laminations, 
built on standard lines with the laminations divided 
into sections for cooling, and secured in the frames 
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Steam turbine driven 
tiiree-phase generator at Skoghall. 







Fig. 181. Forshullsfors generator during te.st. 


in the usual manner. There are 192 senii-closed slots in which the two plane wind¬ 
ing is placed, the windings are insulated with seamless micanite tubes in the slots, 
and outside the laminations with empire cloth, etc. To prevent distortion on short- 
circuits and heav}' surges, the coils are adequately supported and braced at the ends. 
The free ends of the coils are protected from mechanical injury by solid cast iron 
end chields as usually adopted on this type of machine. 

The rotors are composite of steel and cast iron. In order to 
obtain the necessary flywheel effect for turbine regulation, 
a ca^t'ircyi flywheel with an outer cast steel ring was used. 

I'he kinetic energy of the rotating masses is thereby brought 
up to 800000 kgms. The outer ring is cast in one piece 
with the poles and shrunk on the cast iron ring, wh'ich 
is also in one jiiece with the arms and hub. The field wind¬ 
ing is of copper strip wound on edge and insulated in the 
usual manner. The coils are held in place by the pole.shoes 
bolted to the polepieces. The field winding is connected 

73 



Fig. 182. Rotor for Forsluiltsfors generator. 





to the .collector, rings (located belweien the rotor and one of the bearings), by the 
usual arrangement of leads brought down and secured to the shaft. 

The length of the machines from turbine flange to outside bearing is 3.83 metres, 
the largest overair dimensions of stator across feet is 5.6B metres, and from floor level 
to highest point on stator 3.3 metres; the centre line of the machines is 1 metre above 
floor level and the generator pits are l.o metres below floor level. The weight of 
each machine is 63.8 tons; of this the stator weighs 24.6 tons rotor and shaft 33 tons, 
and the balance in bedplate, bearings, etc. 

1 he power generated at Krakerud Station is supplied by three generators of which 
two are designed for a continuous output of 4300 KVA, 12000 volts, 150 r. p. m., 25 
cycles; the third is somewhat smaller, 2100 KVA, 12000 volts, 187 r. p. m., 25 cycles. 
Each machine has its own direct connected exciter. All the machines are of Asea’s 
standard open G type with stationary armatures, rotating fields, horizontal shafts with 
solid flanges for coupling to turbines. The shafts are bored out their full length for 
test purposes and to verify the soundness of the material. Generally the generators 
are of the same construction as those supplied to the Forshultsforsen Station. The 
dimensions are not however identical, as the output and speed are not the same. 
The smaller machine is 4 metres long from turbine flange to outside of exciter, 4.75 
metres across stator feet, and from floor level to highest point on stator frame fe 3.1 
metres. The centre of the machine is 1 metre above the ground and the pit is 1.4 
metres below floor level. The dimensions of the larger generators are: — length, 4.76 
metres, across stator feet 7.23 metres, and vertically 4.1 metres, the centre line is 1 
metre above and the pit 2.6 metres below floor level. The weight of the smaller 
machine is 41 tons, and the larger ones 71 tons each. 

The rotors of these generators have extra heavy flywheels, those on the bigger 
machines having a kinetic energy of 970000 kgms and the smaller 375000 kgras. To 
obtain the large flywheel effect on the smaller generator without excessive weight, the 
rotor was made of a standard pattern with rim and poles in one piece of cast steel. 
To this was added two cast iron side rings of same internal diameter as the pole ring 
but carried up on the outside to partially overlap the field coils. These rings are 
somewhat narrow, and to ensure adequate ventilation they arc placed a short di^nce 
from the pole ring, thus allowing the air to pass between to the field coils. In addition 
to the generators Asea also supplied all the other electrical Equipment required for 
this power station. 


74 



FJg. 188. Brattfors power station. 


OREBRO POWER COMPANY 

I N 1903 Asea delivered to the above company’s water power station at Brattfors 
on the River SvartSn (situated about 45 kilis from Orebro) one three-phase 
generator for 2000 KVA, 2(X)00 volts, 214 r. p. m., 50 cycles, and three years later 
a further generator for 2000 KVA, but running at 250 r. p. m. 


When Asea received the.order in 1902 for 
* ^ 

the first generator, a three-phase machine 
with sdchna high voltage had not been built. 
Estimates for an installation in Italy with this 
voltage were then under consideration but 
did not materialise. Subsequently, however, 
generators of this voltage and even higher 
were built, but only along time after the Bralt- 
fors generators had been completed. Asea 
was probably the first Company to build such 
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Fig. 184. Exterior view of power station. 











I'itf. J35. Motor generalur suh-slaUon at Orebro. 


high voltage generators. The ilrst was a V-type machine rated for a continuous 
output of 1830 KVA, 15000-20000 volts, 214 r. p. m., 50 cycles so arranged that it 
could be connected for either 7500 or 10000 volts. Owing to the exceedingly low 
figures obtained on the temperature tests, both this machine and the one supplied 
later could be run with a continuous load of 2000 KVA. Although tested and rub 

at 20000 volts the older generator is now used 
at 10000 volts as it supplies energy for an elec¬ 
tric furnace, in which case only 10000 volts 
primary is needed. 

Thegenerator has astationary armature, rotat¬ 
ing field, and horizontal shaft with solid flange 
for direct coupling to a water turbine. The sta¬ 
tor frame is of cast iron split horizontally and, 
like the older types of Asea generators, has no 
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KIg. 180. "Wliltc coal". 







ventilating openings in the periphery; suitable openings of rectangular shape are how¬ 
ever provided at the sides of frame. The upper and lower halves are securely bolted 
together and the latter has one detachable foot to permit the stator being turned on 
the rotor for special inspection or repairs. 

The armature laminations are held in the frame in the usual manner and provided 
with ventilating ducts about 15 mm wide. The thickness of the laminations is un¬ 
usual, being 0.7 mm. To take the winding there are 252 semi-closed slots. The cods 
are arranged in two planes with twelve conductors per slot, each insulated with double 
cotton covering and mica between layers. The conductors are insulated from the iron 
with micanite tubes, 6.6—7 mm thick. These extend about 150 mm beyond tfie iron 
and the projecting parts of the coils are insulated with mica and empire cloth to the 
same thickness as the micanite tube. The machine was tested with 25000 volts 
between copper and iron for one hour and run for ten minutes with 50 "/o above full 

voltage. The poles and poleshoes 
are of wrought iron, held together 
and secured to the magnet wheel with 
bolts. The ring is of cast iron rein¬ 
forced with cast steel and is cast in 
one piece with the arms and hub. 
The field winding is copper strip on 
edge in one layer insulated between 
turns with paper and shellac, and 
from the iron with sterling paper 
and fibre. The collector rings are 
placed between the rotor and bear- 
I'lR. 1.-57. 3000 KVA, 20000 voUi!. Hiree-phasc iug and Connected with the field 

generator at Hrattfors. 

coils by vulcanised cable. The kinetic 
energy of the routing masses is about 700000 kgms. 

The length of the machine is 3.3 metres from the coupling flange to outside of bearing, 
4 metres across the feet; highest point of stator frame is 3.i metres above floor level 
and .centre line of machine 1 metre above floor. The weight of the whole machine 
is 42 tons, of which 19 tons is in the stator, 18.5 tons in rotor and shaft, the rest 
in bedplate and bearings. 

As previously mentioned, Asea received a further order 
three years later for another generator of the same capacity, 

I. e. 2000 KVA, 15000—20000 volts at 250 r. p. m., 50 cycles. 



The genei'ator is of the same design as the 
other with only such changes as were inevit¬ 
able on account of the higher speed. The 
stator is somewhat smaller in diameter and 

77 



Fig. 1S8. Old and new Iransforinei* station at Orebro, 















lenglli, but in .all other details the same as the original generator and stator, being 
furnished with one removable foot to enable the stator to be turned round on the 
rotor for repairs to be carried out on the lower half if necessary. The stator lami¬ 
nations are 0.6 mm sheet iron, there are 216 semi-closed slots to take the coils, which 
are arranged in two planes. These are more heavily insulated than the older ma¬ 
chine and were tested between copper and iron with 30000 volts for one hour and 
run for 15 min. with 50 "/o above normal voltage. 

The rotor is somewhat different from the older machines; in this machine the 
polepieces and ring are in one casting made of Siemens Marlin Steel*. Inside the 
steel rjng is a cast iron ring to obtain the requisite flywheel effect for the turbine 
regulation. 1 his ring is cast in one piece with the arms and hub of the rotor and the 
steel ring is shrunk on to it. The field winding is perfectly standard, that is, one layer 
of copper strip on edge. The shaft differs from those of the former machines, in 
that it is bored sufficiently far to lake the leads between the field winding and the 
collector rings placed outside the bearings. 

The kinetic energy of the rotating masses is 615000 kgms. 

The overall length of machine is 3.83 metres from turbine flange to the outside 
of collector rings; across stator feet 5.3o metres and from floor level to highest point 
on stator 2.93 metres, depth of generator pit l.co metres. 

The weight of the complete machine is 38.6 tons of which 16.6 tons is in stator, 
14.8 tons in rotor and shaft, and the remainder in bedplate and bearings. 

This machine was subjected to a very careful test and all guarantees were so easily 
fulfilled that the inspecting engineer concluded his report with the following remarks* ~ 
“My opinion of the whole equipment and especially the three-phase generator is so 
good that I consider it, not only in workmanship but also in design, one of the best 
equipments ever built.” 

That this is no exaggeration is proved by the fact that this machine aher thirteen 

ars continuous work has not been changed in any way, nor has it been necessary 
make any repairs. 



13i). Hcaclance coil for 4101K) volLs, GO amps. 
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Fig. 140. Rjukannoie. WestQorcl showing nitrate plants and Saaheim. 


NORSK HYDRO ELEKTRISK KVAELSTOF A/S. 

(THE HYDRO-ELECTRIC NITROGEN COMPANY OF NORWAY) 

HIS company — whose name is known all over the world — requires a conside¬ 
rable amount of electrical energy for the production of its various nitrogen com¬ 
binations. The nitrogen is abstracted from the air by the Birkeland Eydes process 
and to supply the necessary electrical energy, subsidiary companies were formed for 
the purpose of building a*nd equipping power plants. These 
companies are the Rjukanfos and Svaelgfos companies, 
who erected five large hydro-electric power stations in 
Telemarken, Norway, and for which plants 
Asea supplied the majority of the generators 
and other electrical equipment. 

Some of the older and smaller plants are 
located at Notodden and are supplied with 
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Fig. 141. Dam at Skarfos, 






Fig. W2. Lower part of WesMjord and Saahelni 

slaZL aM Lienfjr'fr at Svaelgfoa, Svaelgfos'auxiliary 

slalion and Ltenfos The Iwo first mentioned with a combined output of 60000 HP 

have been equipped by Asea and the latter of about 20000 HP capacity by anot"’ 

The other larger, and more modern works are located at Saaheim and are supplied 
with power rom the Rjukanfos compan.Vs power station at Vemork or R ukapT nd 
Saabetm or Rjukan II. These average 160000 HP each and of the mL, r 
170000 HP is produced by Asea generators. ’ “ 

1 hese power stations uUlize the water power of the river Skienelven (the third lamest 
IVCT in Norway), and also from one of its tributaries (Manelvend) whose source islhe 
Hardanger plateau watersheds. ThU is a high lying part of the con"r,^L 1 

art “ ForshippingandindiistrielirreW 

part ot the river Skienelven, nver improvements were pul in hand in the latter part 

of lhes”Tl T 'ributarie, for this river, but the Lst 

and v' ? T*i!' f '^“<*3’ until 1908. This dam is 180 metres lono 

the MtanelTn dot’ ^'i^ist/tH" “it 

Vioo I n /I j 1 a raised to 1_ metres; at the same time the outflow of this lake 
. s been dredged and lowered 2.s metres so that the total bead of water available i's 14.S 

metres. This reservoir has a capacity of 768 miKio^ cubic 
■ “etres and allows a constant flow of water in the Maanelven 

T* ’ ""’ '' metres per sec. throughout the whole year. 

' ♦ ^y--. of the Mosvand dam is 914.6 metres 

'• > above sea level. This dam, served its original 

purpose of regulating the water for one of the 
branches (Tinnelven) of the main river, and for 
the power station and ship canals lower down. 


148. l>aiii at Moisvand. 


Fif(. 144. Upper part of Weslfjorcl and Vemork. 


for a few^years only; it was then allowed to flow in the old river bed, but on the com¬ 
mencement of Rjukan power station certain changes were made. The Maanelven now 
runs in it’s original bed for a distance of about 8 kms to what is known as the Skarfors 
lake which with its dam (120 metres wide and 14 metres high) conserves the water, 
thus forming a reservoir for the tunnel — 4 kms long — blasted from the solid rock. 
This tunnel has an area of 26 square metres and leads to the distributing reservoirs 
— also blasted from the solid rock — above Vemorks power station. The top of the 
Skarfos dam is 855.5 metres above sea level and the distribution reservoir is 9 metres 


lower. From the distribution reservoir the water passes through several head gates 
to 11 flumes which start with a diameter of two metres, and of which ten taper down to 
1.26 metres and the other to l.e metres at the power station situated 280 metres 
below. All the water mains are carried down in the open supported on concrete bases 
with solid foundations. Each of the turbines is supplied with water from a separate 
flume and is designed for a continuous load of 14500 HP. Another turbine of 1000 
HP in the same power house is used to drive a generator which acts as a spare 
exciter and supplies light and power for the station. 

The eleventh flume was put in to supply water for two 14500 HP turbines which are 
to be'erected in an extension to the power house; of 


these sets only one is at present installed. The water 
from this flume can also be passed through a tunnel 
to the Saaheim plant. Before this plant was started 
in 1915 the water was returned to the Maanelven river. 

The tunnel from Vemork to Saaheim with a length 
of 5.66 kms and an area of 32 sq. metres is blasted 
through solid rock commencing at the Vemork 
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Fif?. 145 Forcbay above Vemork power slalion. 



Fig. llG. Saahelni worlts. 


ste .on, and the water from the tnrbinea is discharged direct into this. Should the 
station at Vemork be shut down for any reason the water can be byepassed from 
the distribution reservoir through a tunnel running parallel with the flumes, and by 

his means diverted to the tunnel which connects Vemork and Saaheim, making the 

latter independent of the running of the former. 

discharges into a receiving reservoir consisting of three lakes 

blasted out ot the mountain, from which three groups of flumes take the water down 
to the Saaheim station. The water can be taken past the station and discharged 
into the river through a special discharge tunnel, so that the flumes can be'sLit 
off legaidless of water coming down through the feeder'canal. The fiumes are 

arranged in three groups in a tunnel blasted in the 
mountain side, each group consisting of three flu¬ 
mes. Of these seven start with a diameter of l.e 
metres and taper down to 1.3 metres, the remaining 
two are somewhat bigger starting with 1.79 metres 
tapering down to 1.43 metres. 

This pipe line, as well as the turbines at Vemork, 
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Fig. 147, 3750 KW furnaces at Saaheim work.s. 





Fifj, MS. Nitrate works at Notocldcn. 


are fitted with automatic valves close to the distribution reservoir, which close should 
the velocity of the water exceed that for which the automatic valves are set. If necessary 
they can also be operated by hand or by an electrical device from the switchboard. 

In Saaheim, where the useful head is 250 metres, there are nine 16400 HP turbines 
and one 1000 HP turbine. They are of the same design as the turbines at Vemork, with the 
exception of their greater capacity. Above the station there are branches in two of the 
pipe lines connecting with areservoir which furnishes the water required toruntheindu- 
strial plant at Saaheim. Before the water discharges into thereservoir it drives a 7000 HP 
turbine similar to the one erected in the power house, direct coupled to a three-phase 
generatoi* which is run in parallel with a the generator of the same size in the power 
houseandwhichhasitsoutputregulatedbytheamount 
of water used at the factory. When this is diminished 
the water for this turbine is also diminished and thus 
the load is automatically taken up by the generator 
in the power house. These two generators in parallel 
furnish power for the auxiliary machinery in the salt¬ 
petre plant, consisting of pumps, fans, cranes, etc. 
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Fig. 140. A furnace room in Notodden with 
800 K\V furnaces. 














Some of the large turbines in the power station are of the Pelton type with two 
wheels on one shaft and have two steel nozzles for each wheel; they are each direct 
coupled to one three-phase generator described below and run at 250 r. p. m. 

From the two power stations the power is transmitted by overhead lines one 
line for each generator, at 11000 volts from the most distant station at Vemork and at 
9a00 volts from the Saaheim station to the saltpetre works at Saaheim, where all the 
power about 230000 KW is utilised for producing pitric acid on the Birkeland-Eyde’s 
system by oxidising the nitrogen in the air by big electric arcs of unusual shape. The 
greater^part of the acid is used to produce the important fertilizer “Norgesalpeter" 

(Norwegian saltpetre) and the smaller part for the production of explosives and chem¬ 
ical products. 

From the Saaheim power station the water is discharged into the river Maanelven 
w ich a few kilometres lower down runs into the long narrow lake Tinnsjon; this 
acts as a reservoir for the power station at Svaelgfos and Svaelgfos auxiliary station 
etc., situated at the outflow of the lake. 

The repilation of lake Tinnsjdn is accomplished by means of a dam built near the 
outlet; this raises the water level by as much as 4 metres?lrwhich height a simply of 
water equal to 204 million cubic metres is held in storage, so that the water flow in the 

of water from MSsvand, can be kept continu^ally 
at 76 cubic metres per second the whole year round. 

From the dam at TinnsjSn the water flows for about 20 kms down to a narrow pass 
called Svaelgfosjiivet, where a dam about 30 metres high (Svielgfosdam) has been 

constructed. By means of this dam a reservoir has been formed 
which is 5 knis long, and is known as Svaelgfossjdn. From 
this lake the water is talcen partly through an open canal and 
partly through a tunnel to the fore bay of Svmlgfos station, 
whence it is taken through four flumes laid in the mountain 
side to the power station, and part of the water supply is 
also carried in two flumes on the surface of the mountain 
down to Svaelgfos auxiliary station situated lower down the 
valley. In both stations a head of 48 metres is available. Each 
station is equipped with 10000 HP turbines direct coupled to 
three-phase generators of (he same capacity, of which there are 

four units in the main power house and two in the auxiliary 
station. 

From these two stations the power is transmitted on overhead 
lines in the same manner as the Rjukan system, to the salpetre 
works at Notodden about 5 kms south of Svaelgfos and is utilised 
for the same purpose as at the Saaheim plant. 


I‘Jg. 150. Line Map showing part of 
the river Skien. 





Fig. 151. Inlerior of Svscigfos Power slalion. 


SV.CLGFOS POWER STATION 

N the spring of 1906 the preliminary work of building this station was commenced, 
and after the specifications had been drawn up and everything settled with regard 
to type and size of the machinery to be installed, Asea received an order at the end 
of July of the same year for four three-phase synchronous generators for which the 
planjt was designed. Owing to the necessity of supplying power at the earliest possible 
moment to the saltpetre plant at Notodden, (which 
owing* to*its rapid development had to obtain a 
further supply of energy), the date of delivery was 
fixed for the 1st July of the following year, by which 
time the machines had to be erected and were to 
be ready to start regular operation. The contract 
was quite an undertaking when the means of trans¬ 
port and the erection facilities at Svielgfos are 
considered, as well as the fact that the machines 
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Fig. 152. Outsiile view of Ihe station. 








were considerably larger 
than any built by Asea at 
that time, in fact they were 
then the biggest machines 
built in the world. Taking 
all these factors into con¬ 
sideration, the time of de¬ 
livery was very short. The 
work was pushed through 
the shops and the date 
llxed for starting up could 
have been kept if delays 
in delivery of other parts, 
not supplied by Asea, had 
not held the erection back; 
thus after the plant had 
been delivered it could not be completely erected. Instead of the stipulated date for 
starting, the station was not ready to operate until the early part of October, although 
the first generator was on its foundation by^ the middle of May and all the rest of the 
equipment was in or at the power house at the same time. The station was then run 
without a stop until the beginning of the following year. 

By this time sufficient information had been collected, thanks to the additional data 
supplied by'- the Svaelgfos station, which commenced to furnish power for the 
manufacture of saltpetre, showing that only one voltage was needed, 10000 volts, so that 
the provision made to connect the generators for a lower voltage at the time of their de¬ 
sign was not needed. As the re-connection of the generators had several disadvant¬ 
ages, especially from the unavoidable equalising currents generating heat and the con¬ 
sequent danger of damaging the insulation, the original windings were changed and 
ordinary 10000 volt windings placed in the machines. Since making this alteration 
they have worked steadily without giving any trouble. 

The generators are direct connected to double wheel Francis type turbines erected 
in one line parallel with and close to one of the walls of the station. This unusual wav 

01 arranging the machines had to be adopted in 
order to make the building as narrow as possible, 
as it is built on a shelfblasted out of the mountain 
side. F'or the same reason the four machines are 
placed as close together as possible and the gener¬ 
ator parts are not longer than is absolutely necesr 
sary for mounting the machines and allowing suf; 
ficient room for the necessary ventilating air ducts. 
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I’ig. 154, Acceptance test of Svtelgros generator. 






Fig» 10500 KVA three-phase generator for Svrclgfos. 


The four generators are all similar, of the open type with stationary armatures, rotat¬ 
ing fields on horizontal shafts with solid flanges for direct coupling to the turbines. The 
open type of machine was decided upon as at the time of their design no similar large 
machines had been built, nor had a plant of such a capacity been placed in one buil¬ 
ding, so that it was not realised what disadvantages this construction brought about in 
big installations. The standard construction for older and smaller power houses was 
followed so that the station from a modern point of view is rather windy and the noise 
from the machines unpleasant. This disadvantage can be overcome by totally enclos¬ 
ing the machines, but this suggestion has not yet been adopted. 

The generators are each designed for a constant output of 10500 KVA, 10000 volts, 
250 r. p. m., 50 cycles, at 67 7o power factor. The cast iron stator is divided 
in four parts so as to get each piece light enough for railway transportation, the 
maximum load over this line being 12 tons; these four parts are rigidly bolted together. 
To facilitate repairs to the bottom part of the stator 
one of the feet is detachable so that the stator can 
be turned part way round the rotor. The stator is 
of standard construction without air openings on the 
periphery of the stator frame but has openings at the 
ends, as shown in B'ig. 155, also cast iron end shields 
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Fig. loti. The outlook from Notodden. 























>jg. lt>7. Interior of the Power station showing machinery during erection. 

over coil extensions. In the stator frame the laminations are of best Swedish sheet iron 
secured in the normal manner and have 216 open slots to talce a three-plane winding. 

le winding has one straight coil and one bent outwards, and is unsupported outsid'e 
the laminations. The coils are insulated from the frame by seamless micanite tubes 
held in the slots by means of wedges. The micanite insulation is divided into two 
parts, one enclosing each individual conductor and one which encloses all the conduc¬ 
tors in one slot and insulates them from the iron. The inner micanite insulation is 
put on the conductors hot, with a special compound. The three conductors are then 
placed in one micanite tube which is applied under pressure and heat giving the'tube 

the correct shape and unitin'^g the inside insiilation 
with the tube and forming a homogeneous mass. The 
individual conductors areinsulated with impregnated 
double cotton. Outside the laminations the conduc¬ 
tors are insulated separately with suitable tape in 

; layers and then the whole taped together varnished 
and painted. 

The rotor is made of Siemens Martin Steel with 




Fig, 15S. Svtclgfos Power sialioii during erection. 



Fig. 151). Svtclgros station after the construction work was iluishccl. 

pole-pieces and ringin one piece, but the whole split in two parts, atright angles to the shaft 
and held together with bolts and distance pieces in such a manner that an opening is left 
between the two halves. The bolts that are used for holding these rings together are 
also used for securing them to the steel arms cast in one piece with the hub. The arms 
are made hollow to reduce the weight. The 24 poles are unusually long compared to 
the width; the ratio being no less than five times. The reason for this is that it was 
decided to keep the diameter of the rotors as small as possible so as to obtain a low 
peripheral speed, thereby reducing to a minimum the noise 
that air currents would produce in the open type generator. 

For lhi» reason and afso to economise width in the power 
station the generators were designed with a small diameter 
but comparatively long axially. The radial ducts in the 
rotors do not go the whole way through the pole- 
pieces but stop a short distance from the end, so 
that the end of the pole-pieces as well as the pole- 
shoes are solid. The pole-shoes are laminated 
and securely bolted to the pole-pieces. The field 
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Fig. 1<50. In Ihc grip of Winter. 







coils are wound with single copper strip on edge and insulated between turns and 
from iron in the usual manner, L e. with presspahn collars and washers the whole 
being held in place by the pole-shoes. Owing to the abnormal width of the poles 
there is a tendency for the field coils to pull away from the pole-pieces due to 
centrifugal forces; to prevent this, the coils are braced on each side by means of 
brackets fixed at the centre of the air duct. .The collector rings are placed outside 
the bearings according to standard practice in older types of generators and are 
connected to the field coils by cables taken through the shaft which is counter hored. 

The flywheel effect of the rotating masses is 2250000 kgms. 

The fotor is carried on a forged shaft, made of the best Swedish charcoal steel, 
supported by two liberally designed bearings, one of which, namely the one next to the 
turbine, carries an additional load of 5 tons of the turbine weight. The bearings 
are designed for ring lubrication as well as pressure feed and water cooling. 

The mam dimensions of the generators are, 4.8 metres from turbine flange to 
outside of collector rings, 6.8 meU-es across the stator feet, S.Ts metres from floor level 
to highest point on stator, and the centre of machine is 1 metre above floor level. 
The generator pit is very narrow and has little clearance between the sides and the 
stator frame. The length of the pit. is somewhat greater than necessary to take the 
generator, but is arranged in this way to secure an ample supply of cooling®air. 

The approximate weight of each machine is 104 tons, the stator weighing 51 tons, 
rotor and shaft 37 tons, the remainder being the weight of the bearings, bedplate,’ 
foundation bolts, etc. 



Fig. lai. Power station during construction work. 
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Fig. 162. .Svtelgfos Resei’ve station. 


SV.€LGFOS RESERVE STATION. 

FTER the Svaelgfos power station had been operating for about 4 years, the 
demand for power at Notodden had increased to such an extent that this station 
could not cope with it and means had to be found to increase the supply. Conse¬ 
quently, the A/S Svaelgfos company decided to commence the construction of what 
is known as the Svaelgfos reserve power house, which (hey had had under con¬ 
sideration for some time past. This plant is located about 600 metres below the 
Svaelgfos station on the comparatively placid Tinnelven river, where the shores are 
far more favourable than at Svaelgfos. In 1912 Asea recmved an order for the first 
equipment for this station, consisting of a three-phase 
generator, exciter and all necessary switchgear, the 
whole of which was delivered in the spring of 1913; 
this was followed in the autumn of the same year 
by a repeat order for an other., generator, exciter and 
switchgear, similar to the original plant and which was 
delivered in 1915. 
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Fig. I()». SvaJgfos Dam. 








Fig. lOi. The first generator for Svrclgfos Reserve station erected for test. 


Each generator is designed for a continuous output of 11000 KVA, 10000 volts 
250 r. p. m, 50 cycles at 67 X power factor. They are of the semi-enclosed type 
with stahonary. armatures, rotating fields on horizontal shafts Avith solid flanges 
for coupling to the turbines. After the experience gained at the older station, these 
units were designed as semi-enclosed machines in order to reduce the noise, con¬ 
sequently they run at a somewhat higher speed. The machines are so designed that 
they, can be converted into totally enclosed machines, should it he desirgd on 
completion of the station, thereby reducing the windage noises to a minimum. 

The stator frames are made of cast iron and 
like the older machines are cast in lour parts, 
this was done in order to be able to transport theni 
over a cable-way having a maximum carrying 
capacity of 13.6 tons; the four sections are rigidly 
bolted together. As the generators were designed 
to be converted into totally' enclosed machines at 
some future date, the stator frames have been 
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FJg. JOo. Interior of the station - generator side. 







arranged as receiving chambers for warm air from the windings and are provided 
with outlets at the bottom where they connect with an air duct which carries the 
air to the warm air system. In the older station the machines are arranged with 
one detachable foot on the stator frame, so that the stators can be lowered on to 
the rotors and turned with them when repairs are necessary to the lower half. 
The same facilities for repairs to the <stators were required at the new station, but 
owing to the solid end shields, J:hese stators are much heavier, and in order to 
avoid any possibility of damaging the windings or laminations the}"^ are built with 
circular tracks resting on rollers in the bottom of the pits. By this means they can 
be rotated, after the detachable foot is removed, without coming into contact 
with the rotors. 

The armature laminations are secured to the stator frame in the usual manner 
and have 216 open slots in which the winding is arranged in three planes. This 
type of ^winding, although undesirable in some respects, has the advantage that the 
machines can be taken apart without disturbing the windings in the slots. The 
conductors are insulated from iron and also between turns with 5 and 3.5 m/m. 
of micanite respectively. There are three conductors in each slot made up of several 
independently insulated bars, these are taped together, varnished and painted in 
the usual manner, where they project beyond the laminations. 

The free ends of the coils are well braced by means of insulated brackets, to 
prevent distortion, due to stresses set up by short circuits or heavy surges on the 
line. To protect the windings from damage and to prevent accidental contact with 
the coils, the machines are fitted with end shields fastened to the stator frame 
extending inwards far enough to cover the pole ring. These end’shields also serve 
to guide the cooling air and to deaden the noise made by air currents created by 
the rotors. Hinged inspection doors are arranged in the shields fdr cleaning purposes 
and examining the coils. 

The rotor is made of Siemens Martin Steel with pole-pieces and ring in one casting; 
to facilitate transport and inspectipn of material they are divided into several discs, 
at right angles to the .shaft. The pole-shoes are laminated and bolted to the pole-pieces, 
holdjpg the field coils in position; the latter are of copper strip on edge in.sulated 
in the usual manner. 

The roiiors are provided with radial cooling 
ducts through the rotor ring and pole-pieces in order 
to effectively distribute the cooling air, thereby 
ensuring adequate ventilation to the centres of the 
rotors as well as stators. The field coils are provided 
with special cooling devices to give a greater 
cooling surface than is normally obtainable. 

The rotor spiders and centres are of the same 

9.f) 



Fig. lOG. Interior of the station — lurLLnc side. 




design as tnose in tiie older station, so also are the collector rings and arrangement 
for connecting same to the Held. The shafts and bearings are of standard con¬ 
struction adopted for large machines. 

The flywheel effect of the rotating masses is 4000000 kgms. 

The principal dimensions of the machines are 5.44 metres from the turbine flange 
to the outside of the collector ring cover,‘T-sa metres across the stator 4eet and 
4.18 metres from floor level to highest point gn stator. The pits are 2.fi metres 
below, and centre of machines 1 metre above floor level. Unlike the original station, 
the pits are made sufficiently large for a man to be able to work 'in them for 
cleaning or other purposes. 

The weight of each complete generator is 125 tons, the stator weighing 65 tons, 
rotor and shaft 55 tons, bedplate, bearings, etc. making up the total. The field 
current is supplied by independent water turbine driven exciter sets. 



I-'Jg. 1(17, Turbine governor. 


96 






Fig, 168. Interior of Vemork Power .station. 

VEMORK POWER STATION. 

IIRING 1900 and Ihe following lew years, Ihe Norsk Hydroelektrisk Kvaelstof Co. 
had purchased all water rights on the river Maanelven. This step was taken 
after their nitrate works at Notodden had developed into a flourishing industry due 
to the starting of the SvsElgfos station, and enough data had been collected concerning 
the available supply of power; they then decided that the time was ripe to start 
developing the hydro-electric possibilities of the 
Maan'elveh river. In the spring of 1909 Asea 
received an order for 5 three-phase generators 
for the first power station on which the Hydro¬ 
elektrisk Kvaelstof Co., — through its subsidiary 
company the A/S Rjukanfos - commenced 
construction work at Vemork situated on the 
above mentioned river in the upper part of 
the Vesttjord valley. 
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Fig. 160. Exlerior view of the station. 








Fig. 170. 17000 KVA twin-generator for Kjiikan I. 

Based on the enormous amount of water power capable of development at this 
station, it was decided to make the units as large as possible. At Notodden it had 
not been advisable to design the machines for more than 10500 KVA. At the time 
the order was placed it had not been definitely decided how the connection between 

the furnaces was to be made nor how they should 
be connected up to the new generators, however 
instructions were issued to build the generators 
as two unit machines with two rotors on one 
shaft coupled to one turbine. The generators 
were constructed as two independent machines 
so far as the electrical design was concerned but 
with one shaft. 

The twin-generators were therefore arranged 
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Fig. 171. Power station during construction. 













172. Stators for twin^gciicrator. 


for a continuous turbine rating of 14450 HP representing 17000 KVA for the two 
generators, or 8500 KVA each at 10000—11000 volts, 250 r. p. m., 50 cycles and 60 % 
power factor. This load is carried day and night during the whole year, with the 
temperature rise of the generators guaranteed not to exceed 50° G. The generators 
were so liberally designed that the maximum output of the turbines /. e. 15700 HP, 


can.^e utilised. The two generators are designed for parallel operation with the 
other machines in the power station. Owing to the expensive nature of the plant 
very ‘Stringent guarantees were specified to safe guard 


against undue losses and to secure the highest efficienc}'. 
Space will not permit the specifications to be given in 
detail here, but it might be mentioned that at the time 
of writing, the machines have been in service nine years 
without having been shut down for repairs of any de¬ 
scription. 

Each unit consists of two independent generators with- 
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Kig, nil. Double rotor during ercclion. 





Fig. 174. A single generator erected for tc.st. 


out any electrical connection, erected on a common bedplate with casing connecting 
the two stator frames; the two rotors are on one shaft carried by two bearings. 
The machines are self ventilated by means of fan blades on the rotors, totally enclosed 
and connected with air ducts on each side of the lower half of the stator frames. The 
warm air is expelled into the stator frame, which is specially designed for this pur¬ 
pose, and can then escape into the power station through air holes or can be blown 
through air ducts in the floor, and thence outside the building. When these gene¬ 
rators were designed very little data was available relating to totally enclosed machines 
of this t5'pe; this construction had however to be adopted owing to the large volume 

of air required to cool the machines effectively, 
— about 28 cubic metres per sec. Had open type 
niachin es been used, the temperature of the power 
house with all ten machines running would have 
become excessively hot for the attendants. When 
the question of cooling system was under con¬ 
sideration, it was decided to adopt the self ven¬ 
tilating type with fan blades on the rotors rather 

too 



Fig. 175, ITyclraiilic Ic.st of rolor rings. 


Kig 176. Generator and exciter In the test room. 


than install a separate ventilating system for the plant. By this means the capital 
cost was somewhat reduced and the station was considered to be more immune from 
breakdowns without otherwise alfecting the efficiency of the plant, regardless of the 
fact that the self ventilating effect of the generators was comparatively speaking con¬ 
sidered somewhat wasteful. 

In order to facilitate repairs the stators are arranged on the bedplates in such a 
manner that they can be moved axially, repairs can then be made to any of the 
staler or rotor coils without removing the top 
half. The stator frames are of cast iron in four 
sections to make ti'ansport possible. The end 
shields are also of cast iron which although 
increasing the weight of the machines, are moi'e 
effective in keeping the noises produced by 
windage from the generator room. 

The armatures cores, designed and built on 
standard lines, have an inside diameter of 4.io 
metres, outside diameter 4.8 metres with an 
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Fig. 177. Transmission lines near Vemork. 





axial width of 0.86 meti'e. The windings are arranged in two planes, three open slots 
per pole , per phase with four conductors per slot, each divided into several bars. 
The coils are held in the slots by fibre wedges. Each bar is cotton covered and 
impregnated whilst each conductor is insulated with micanite rolled on hot. These 
separately insulated conductors are then placed in a seamless micanite tube which 
is filled with an insulating compound and heated to ensure the expulsion ef all air, 
making it impossible for ozone or nitric acid to^form. After running for two years 
one of the coils was taken out for testing purposes but no deterioration could be 
found, although the machines had been subject to hard service. 

The rotors have twenty four poles, the pole-pieces and pole-rings being in one 
piece of Siemens Martin Steel. The rings consist of several plates held together with 
bolts and the whole shrunk on to the centres. Very careful tests were made on all 
the individual parts of the machines, for example each of the rotor discs was sub¬ 
jected to hydraulic pressiu’e equal to 25 .% above the centrifugal forces exerted on 
them during the overspeed test. Owing to the high safety factor allowed in the 
design and to the good quality of material used, no permanent deflections could be 
detected. A radial cooling duct is arranged in the centre of the rotors, which insures 
efficient cooling of the central parts of the machines. The pole-shoes are laminated and 
held in position by bolts. The field-coils consist of 78 turns of copper strip w^und 
on edge, insulated between turns with shellac and paper and from iron with prespahn, 
cylinders and washers. Owing to the great distance between bearings, the shafts are 
very heavy, having a maximum diameter of 0.7 metre. One end is furnished with a 
solid flange coupling for connecting to the turbine, the other arranged for bolting on the 
exciter armature. The shafts were counter bored the full length with hollow drills and 
the cores used for test purposes to make sure that the material was sound in every respect. 

The flywheel effect of the rotating masses is about 7000000 kgms. 

The beai-ings are lined with white metal, water cooled and have both ring and oil 
pressure lubricating systems. Off the different combinations possible with this arrange¬ 
ment, it was first decided to adopt the oil pressure system, where the oil is cooled 
in special tanks and forced through pumps into the bearings under the shaft; it was 
subsequently found that the oil rings with water cooling in the bearing shell worked 
satisfactorily without excessive heating and the former system is now held in reserve. 

The field excitation is obtained from direct connected exciters designed for 2^0volts 
1200 amps and are large enough to supply one twin-generator; the current is taken 
to the generator field through two pairs of collector rings, one set of rings being 
placed at each end of the shaft. ** 

Each twin-generator complete weighs about 240 tons; of this the stators weigh 115 
tons, rotors and shaft 100 tons bearings and bedplate 25 tons. Each machine occupies 
a floor space of about 8.5 metres in length by 7.3 metres in width, the highest point 
on stator is 4.i metres above floor level. 
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Fig. 17S. Exterior of Saaheiin Po^Yer station. 


SAAHEIM POWER STATION. 

FTER the generators, previously mentioned, at Vemork had been in service a 
few years, and by their means the water power of the upper part of the 
Rjukan-falls had been utilised, an opportune time had arrived to develop the power 
from the lower part of the falls; consequently in 1913 the necessary work for this 
development was commenced and Asea received an order for the greater portion 
of the generating plant for this station. The order was placed during the summer 
and covered six generators with direct coupled exciters 
and switchgear, all to be delivered in the autumn of 
1914 in order that the station could commence to 
supply power in the early part of 1915. Owing to the 
war the delivery time had to be extended, so that 
the first generators were not delivered until late in the 
spring of 1915 and the last in the early autumn of the 
same year. As previously mentioned, the generators 

103 




Fig. 179. Flumes at Vemork. 






Fig. 180. Interior of Saahclm Power stalion, six Asea>generalors wilh exciters. 


are direct connected to the overhead transmission lines and so arranged that each 
generator feeds a separate line and its own group of furnaces. Each set of machinery 
from the forebay to the electric furnaces is a hydro-electric unit in itself. 

After tests had been made with the generators at the Vemork station, in which one 
ol the ten units was wound with a common armature winding for the two stators, 
so that the unit worked as one generator on the electric furnaces, it was ascertained 
that no disadvantages were experienced from this arrangement. It was therefore 

decided that the generators for this new station could be 
built as large of even larger than the ones at the Vemork 
station; the only limiting factors were transport difficulties, 
shop tools and erection facilities. The generators were 
therefore built for a continuous output of 18900 KVA — 
9500 volts, 250 r. p. m., 50 cycles at 65 % power factor. 
Ihese machines were the largest built bj' Asea and the 
largest of their kind in existence at that time. Like all 
large modern machines they are totally enclosed self- 
ventilated and fitted with fan blades on the rotor to draw 
air in and force it through the different parts of the ma¬ 
chines and thence out through the air duct. The cold air 
is taken in through an air duct connected to the generator 
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Hg. 181. Rotor of a Saahelui generator 
(luring erection. 





Fig. 182. Generators and turbines in Saaheim Power station. 

pils and comes in under Ihe shaft on the turbine side. After the air has passed 
through the machines, that is the rotor, stator laminations and the free ends of the 
coils, it is forced into the stator frame which is speciall)' designed for this purpose 
and is then allowed to escape into the other side of the generator pit from which 
it is discharged into the warm air sj'stem. As it had been demonstrated in the 
older installation, with totally enclosed generators, that it was not advantageous to 
put openings in the stator frame to allow the air to escape direct into the generator 
room, these machines were designed with only a few openings 
in the upper half of the stator frames. 

The stators are erected on bedplates fitted with guides so that 
the)^ ,can be moved sideways parallel to the shaft in order that 
any necessary repairs can be made easily. The stator frames 
are made of cast iron in four sections. The greatest overall 
dimension (which is across the stator feet) is 8.1 metres and 
the outside vertical diameter of frame, including a support in 
the pit under the frame, is 7.3 metres. 

The laminations are of high grade silicon iron, as very high 
efficiency was specified and guaranteed. At 100 % power factor 
and full load the efficiency is no less than 97.0 %. The stampings 
are made and secured in the usual manner their inside diameter 
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1^'jg. 183. Transmission line during 
construction at Saabeim. 
















being 4.6 met¬ 
res, whilst the 
outside diame¬ 
ter is 5.26 met¬ 
res. The axial 
width* of the 
laminations is 
1,26 metres. 
Each generator 
had about 32 
tons of lamin¬ 
ations divided 
into 34000 seg¬ 
ments which 
were built 
up bv hand; 
The armature 
winding is a 
two coil wfnd- 


ing, arranged in three open slots per pole per phase with two conductors per slot, each 
conductor consisting of several bars. The winding is insulated with micanite, as 
far as practicable, in order to fulfill the rigid specification for obviating shorts between 
turns. Although the normal working pressure of these machines is only 9500 volts, 
the specifications called for a test voltage of 30000, 50 cycles alternating current for 
1 min. between phases and ground. After the machines were completed they were 
tested with 32000 volts for 3 minutes. Heavy brackets support the coils outside the 
laminations in order to prevent distortion in case of short circuits on the line. 
Short circuit tests were made with full load field cuiTent, and were withstood without 
the slightest detrimental effect to the windings. 

The rotors have 24 poles and are made with pole-pieces and ring in one casting. 
To facilitate fi’ansport, and also to make siu*e that the material was sound throughout, 
the castings were made in several disc sections and held together with bolts. The 

sides of the rings are stepped and shrunk on to-each 



other, the whole then being shrunk onto a steel centre. 
In the centre of the rotor there is a radial cooling 
duct allowing part of the cooling air to impinge against 
the central part of the laminations; by this means an 
even temperature is obtained in all parts of the ma¬ 
chines preventing any danger of warm spots. 

The magnet wheel has eight hollow spokes and 


Ftg. 185. Transmission Unes near .Saaheiin. 
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is cast in one 
piece with the 
hub. 

The pble- 
shoes are lam¬ 
inated to pre¬ 
vent any ex¬ 
cessive losses 
due to the open 
slots and are 
bolted to the 
pole-shoes. 

The pole-shoes 

hold the field 
% 

winding in 

place, the latter 

^ ^ . — ~ _ — - . - .- 

beingof copper Fig. iso. Secllon of slolor ready lor winding. 

strip wound 

on edge insulated in the usual manner and consisting of 51,5 turns per pole. 

The shafts are no less than 7,74 metres long from turbine flanges to outside of 
exciters, have solid forged flanges for connecting to turbines and are counter bored 
their full length. 

Collector rings of cast iron are placed inside the bearing at the turbine end; 
the connections between the field coils and collector rings are placed in a slot in 
the shaft and covered with iron wedges. 

The bearings are babbit lined and water cooled with a combined ring and 
pressure feed oiling system. To prevent the circulation of parasitic currents in 
the bearings one of the pedestals is insulated from the frame and all pipe lines 
have their matallic continuity broken with insulated sections. 

The field current is supplied from direct coupled exciters, the armatures of 
whicji are placed on the shaft extension of the generators with their field frames 
mounted on separate bedplates, and not attached to the geneiator bedplates 
according to the usual method in this class of machine. 

By adopting this construction a section of the 
main generator shaft is free between the bearing 
and the exciter, so that should the bearing shell 
have to be changed, a jack can be placed under 
the shaft and the travelling crane used for hand¬ 
ling the bearing parts. 

Each complete generator weighs about 200 


IHg. 187, Saaheim by night. 






Fig. ISS. Saahcim generator erected for test. 


tons, of this about 5)0 tons is in the stator and 80 tons in the rotor and shaft. The 
bearings, bedplate, etc. malting up the total. 


Although considerable difficulties were encountered in testing these machines in 
the shop, all tests called for in the contract were carried out. To be able to make 
all the tests it was necessary to build a special two speed .synchronous motor of 
1500/650 HP, 380 volts, 500/250 r. p. m. synchronous speed, 50 cycles designed for 
direct coupling to the generators. All tests were made and proved that the rigid 
jpecificaUons^m^the^^omract had been coinplied with. The te^ mcitor^was^nade 

half an hour. The test showed that no 


FJg. 189. The l)ig bearing. 
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I'ig. 100. Interior of the Power station with Ihe lirsl generator delivered by Asea in llic foreground. 


TINFOS PAPER WORKS. 

A fter the Blrkeland-Eyde experiments for producing nitric acid from the air 
had advanced to such a degree that production on a large scale could be under¬ 
taken, the first works were erected at Notodden and the requisite power purchased 
from the Tinfos paper works which had a hydro-electric plant at Tinfos not far 
from Notodden bn the river Tinnelven. The station had only' 2 three-phase gene¬ 
rators of 500 KVA each, but as it had to supply power to the paper mill and 
also 16 a carbide plant at Notodden the capacity of the power station had to be 
increased. In 1904 Asea received an order for a genei'ator having a capacity of 
2830 KVA, 5150 volts, 250 r. p. mi, 50 cycles at 
67 X power factor arranged for direct coupling 
to a 2750 HP water turbine. The production of 
nitric acid showed such promising results that all 
the available power was soon utilised, and after 
a period of only two years the Tinfos Company 
were obliged to instal another generator, for 




Fig. 191. Tinfo.s Paper-mills, Notodden. 














Fig. 192. Another view of the Power .station. Both 28r.O KVA units running. 

which Asea also received the order. This machine was to be an exact duplicate of 
the first one and was delivered in the latter part of the summer of 1907, The order 

included a direct coupled exciter, switchgear for the first set installed and several 
auxiliary machines. 

The first of these machines was the largest generator built by Asea at that time 
and the first to be tested at the new Emaus shops. The generator is of the,open 
type mounted on a unit bedplate, stationary armature and rotating field on horizontal 

shaft carried in two bearings. The shaft extends beyond 
the bearings at each end in order to allow for coupling 
to the turbine on one end and exciter armature on the 
other; the exciter carcase is mounted on a separate 
bedplate. 

The stator frame is of cast iron in two sections and 
has one detachable foot so that it can be lowered on 
to the rotor and turned with it in order that repairs 
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I'ig. lOa, The first generator at the 
conclusion of its te.st.s. 






Fig. 19i. The second Asea generator during acceptance test. 




can be made to the lower half of windings. The stator frame is cast with air openings 
on the periphery and has no openings on the sides. Ihe laminations are dovetailed 
into the stator frame in the usual manner and held together with flanges put on 
under pressure, and are divided into sections by radial air ducts lo m/m wide. The 
inside of stator is 3 metres diameter and has 288 half-open slots, in which a three plane 
coil winding is placed. The coils are insulated from the frame by micanite tubes, the 
free ends are insulated with empire cloth, etc, and are protected by cast iron end shields. 

The rotor is constructed with an inner ring of cast iron, cast with the hub, and 
an outside ring of steel; this latter ring also has the 
pole-pieces cast with it. The steel ring is shrunk 
on the cast iron ring which is of the same outside 
diameter as the steel ring on one side, by which 
means the necessary flywheel effect was obtained 
for the turbine regulation. 

The pole-shoes are solidly bolted to the pole- 
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Fig. 395, Tinfos. 







pieces and hold the field coils in position, the latter being wound of copper strip 
on edge and insulated in the usual way. The connections between field coils and 
collector rings are made according to standard practice and the rings are placed 
inside the bearing and not on the outer end of the exciter shaft as in older types. 

The flywheel effect of the rotating masses is about 780000 kgms. 

The bearings are of the ring oiling type arranged for water cooling, so that even 
at speeds considerably above normal their temperature can be kept within resonable 
limits. 

The machine occupies a floor space of 3 .95 metres axially 5.46 metres across stator 
feet, the highest point above floor level is 2.94 metres and centre line of machine 
0.8 metre above floor. The generator pit is 1.65 metres deep. To improve the 
ventilation an air duct is connected with the pit to the outside of the building, 
allowing cold air to come in direct to the machine. 

The weight of the complete machine is about 45 tons, of Ihis the stator weighs 
17.6 tons and the rotor and shaft 19.i tons, the remainder being in the bedplate, 
bearings, foundations bolts, etc. 



112 



,Fig« 197. Interior of power station showing exciter end of one of the three-phase generators. 


A/s bjOlvefossen. 

A mong the few large hydro-electric stations designed and built during the war, 
Bjdlve is one of the largest. This station was built during 1917 and the early 
part of 1918 for the »Det Norske Aktieselskab for Elektrokemisk Industri*, through 
its subsidiary company the A/S Bjdlvefossen in the same part of the Aalvik at Har- 
dangerfjord in West Norway. Water is taken from the watersheds above, from 
whenc*e it is conveyed*in the customary manner to 
the forebay, and from there through banded steel 
tubes down to the power station located at the 
foot of the mountain close to the bank. The 
useful head is 890 metres which is one of the highest 
in the world. As the water volume is only about 
5 cubic metres per sec. it is transformed into useful 
energy, at the present time, by means of single 
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Fig. 198. Power station and carbide works at Aalvik. 







Fig. 19D. Turbine end of one of the three-phase generators. 


Pelton wheel turbines of an aggregate of 37000 HP. This power is converted into 
electric energy by three direct coupled three-phase generators driven by single wheel 
turbines and designed for 10750 KVA, 12000 volts, 375 r. p. m., 50 cycles, at 80 % 
power factor. Close to the power station are the carbide works owned by the above 
company and the power from the hydro-electric station is here utilised for pro¬ 
ducing carbide by means of electric furnaces. 

In the spring of 1916 Asea received an order for three 
generators with direct coupled exciters, switch-gear, auxiliary 
machinery, storage battery, etc. Owing to the extremely 
difficult conditions under which the ^station had to be- built, 
brought about by the war, it was not put into service until 
August 1918. 

The 3 three-phase generators are, with the exception of a 
few minor details, made according to Asea’s standard design 
for large water turbine driven generators. They are totally en¬ 
closed machines with stationary armatures and rotating fields on 
horizontal shafts with solid flanges for coupling to the turbines. 
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Pig, 2P0., Part, of the flume on the 
mountain side. 












The stators are split hori¬ 
zontally, made of cast 
iron and designed to form 
a receiving chamber for 
the hot air coining from 
the rotor and stator wind¬ 
ings. From the stator 
frames the air is led out 
through two openings in 
the lower half and thence 
through ducts to the sta¬ 
tion warm air system. 
Cold air is taken into the 
generator pits (which are 
entirely’closed in) through 
air ducts in the floor and 
passes into the machines 
below the shafts through 
speaal air connections in 
the cover plates. The air 
is filtered before it enters 
the air duct to prevent 
any dust from the carbide 
furnaces gaining access to 
the machines. The cover 
plates over the rotor and 
the stator coils are of 
standard design, made of 



Fig. 201. View of the three units. 


cast iron fitted with remov¬ 
able inspection covers for cleaning and other purposes. Cover 
plates are also arranged at the back of the stator frames, which can 
be removed to allow warm air to enter the generator room.direct. 

The armatures are built up of standard sheet laminations dove¬ 
tailed to the frame and held together by means of clamping rings. 
The diameter at the air gap is 2.8 metres and total axial width 
1.3 metres. Due to the small number of poles, the d^epth of the 
laminations is rather great, the outside diameter being 3.46 metres. 

The armatures have a two plane coil winding in 144 open slots, 
with seven conductors per slot. The coils are held in the slots 
by fibre wedges and are well braced where they project beyond 
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Fig. 202. The power stnlion situated 
at the foot of the mountain. 




I’ig. 203. One of the BjSlvefos rotors. 


the laminations. The insulation between individual conductors, and also between 
conductors and iron is principally micanite. The free ends of tlie coils are insulated 
with empire cloth, except at such places where the coils are braced, where micanite 
washers and plates are added. The four ends of the windings (one for each phase 
and one for the neutral point) are as usual located at the bottom part of the stators. 

The stators cannot be moved axially as is usually the case with Asea’s large 
generators. Should repairs be necessary to the rotors, the top 
halves of the stator frames have to be lifted off, after which any 
part of the windings can be easily repaired. To repair the 
bottom half of the stators the feet have to be removed and the 
stator rotated on two sets of rollers in the generator pits, the 
stator frames having tracks on the outside periphery. This de¬ 
sign saves floor space but is not as convenient as the usual 
arrangement in case of repairs or inspection. 

The rotors are of standard construction and have sixteen poles, 
with poles and ring cast of steel in one piece. The rotors are 
divided by a radial air duct and the two halves are shrunk on 
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Fig. 204. Swllchboard. 









Fig. 205. One of the Bjolvefos generators during test. 


a cast iron centre, which is also divided into two radial sections. The two halves 
are held together with bolts running parallel to the shaft. The radial cooling duels 
were put in, to allow some of the relatively cool air to impinge against the central 
parts of the machines; owing to their comparatively great axial width. This pre¬ 
caution was taken to avoid any possibility of the central parts of the machines 
becoming overheated. 

The pole-shoes are of cast steel with laminated faces and are secured to the pole- 
pieces with bolts. The field winding consists of 52.5 turns per pole of copper strip 
wound on edge, insulated between turns with paper 
and shellac and held m place by the pole-shoes. The 
field coils are fitted with the special cooling devices 
according to standard practice on large generators. 

Fan blades are fastened to the side of the rotors to 
assist ventilation. The shafts are of standard con¬ 
struction with solid flanges for direct coupling to 
turbines and have forged extensions for the reception 
of the exciter armatures. The shafts are mounted in two 
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Fig. 206. One of the stator halves. 







bearings of the oil ring type with water cooling in the shells; one pedestal is insul¬ 
ated from the bedplate to prevent the circulation of parasitic currents. 

The fly-wheel effect of the rotating masses is 2950000 kgms. 

The field current is supplied by direct coupled exciters, the armatures of which 
are pressed on to the main shaft extension, the field frames being supported on 
the bearing pedestals. No resistance is placed in the generator field ciixuit, the 
field current being regulated entirely by the exciter field rheostats. 

Each generator occupies a floor space of 6.4' metres from the turbine coupling to 
the outside end of the exciter shaft, 5.9 metres across the stator feet and from floor 
level the highest point of the stator is 3.88 metres. The centre of the generators is 1 
metre above and the pits are 2.4 metres below the floor level. 

The total weight of each machine is about 110 tons, of this 50 tons is in the 
stator, 40 tons in the rotor and shaft and the remaining 20 tons in the rest of the 
machine. The weight of each exciter is about 2 2 tons. 



Fig. 207, Finished under-half of staler being lransj)orted to the lest room. 
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NORWEGIAN STATE POWER STATION 
AT GLOMFJORD. 

N orway, the foremost of all European countries with regard to hydro-power 
possibilities, has water falls which can be developed for hydro-power pur¬ 
poses at relatively low costs, from its Southern border line with Sweden to the 
Arctio coast and North £ast boundary with Finland. 

Of these falls, only those in the South and South 
Western portions of the country have so far been 
seriously developed; the large falls in the North 
have not yet been harnessed to any great extent. 

This condition of affairs is however rapidly chang¬ 
ing and some of the Northern falls are now being 
utilised in a small way compared with the available 
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Fig. 209. The head of Glomljord. 






Fig. 210. Section of Glomfjord generator and exciter. 


power, while others have power plants under construction or estimates are being 
got out for projected schemes. 

At present the largest and most important of these is the installation at 
Glomfjord. 

This power station is located at the head of Glomfjord, which runs into the Arctic 
Ocean in North Helgoland, South of Lofoten, about 30 kms north of the Arctic circle. 

The water is collected from a water-shed having an 
area of about 250 square kilometres, the greater portion 
of which is covered by the big ’’Svartisen” glacier. 
The average useful volume of water is 25 cubic metres 
per sec., but in order to obtain an even flow, a re¬ 
servoir of from 5000000 to 6000000 cubic metres is 
necessary. This is accomplished by means of lake 
Storglomvarid, located 512 metres above sea level, 
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:Pig. 211. Exterior of power station. 
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Fig. 212, 22000 KVA generator for Glomfjord. 


through which the water from the water-shed passes. A dam 6 metres high has 
been thrown across the outlet of this lake and a cut 16 metres below the dam gives 
an available head of 22 metres for regulating the water supply. From Storglomvand 
to the small Navervand lake, an adjustment of 8 metres in the water lever is avail¬ 
able by means of a dam. The Storglomvand reservoir has a capacity of 570 million 
cubic metres, while Navervand has only 14 million cubic metres. 

For the first 3 kms the water is taken from Storglomvand in an old river bed, 
and thence through a tunnel 2.2 kms long to lake Novervand from which it is again 
taken through a tunnel 3 kms long to the forebay, from whence it flows through 
flumes to the turbines in the power station. The effective head of water is app¬ 
roximately 450 metres. In the first instance only two machines, each having a cap¬ 
acity of 25000 HP, were installed, but the remaining available water will be utilised 
by installing four more units, probably of somewhat larger capacity, at some future date. 

The falls were surveyed in the early part of 1913 and the preliminary work for 
the power scheme was commenced in the autumn of 1915 by the A/S Glomfjord, 
which company owned the water rights in Tykanaaga, the river into which Stor- 
glomvands originally flowed. The construction work was carried out with such 
energy, that Asea received an order for the first electrical equipment for the extensions 
in the summer of 1916. During the construction period the Norwegian government 
purchased the power station and its water rights; 
the A/S Glomfjord retains only its works and part 
of the property on which the proposed town is to 
be built, and purchases the power required for 
its works from the State. 

Power is transmitted from the power station — 
which is built at the foot of the mountain on a 
narrow strand — by means of overhead lines, 
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Fig, 218. Preparing the mould for casting staler 
frame of GlomQord generator. 





















Fig, 214. Machining stator frame. 


which first pass through a tunnel I .2 kms long and then on concrete poles past 
the old Glaamen farm, at which place the town of Glomfjord is springing up, into 
the industrial district at Haugvik. 

At this latter place the main part of the power generated will be used in the 
production of zinc, but later on for the manufacture of calcium carbide and iron. 
The Norwegian government intends to instal a plant for extracting salt from the sea 
water but will also distribute power to the surrounding districts. 

When laying out the station it was originally intended that the whole installation 
should be put into service in 1918, but owing to the difficulties encountered during 

the war, this date had to be postponed to the 
summer of 1919. 

The work undertaken by Asea in the extension 
to this big power station, consisted of the supply 
of two three-phase generators with direct coupled 
exciters, transformers, motor generator sets, stor¬ 
age batteries and all the necessary switchgear. 
The two three-phase generators are the largest 


Fig. 215. Bolts for Glomfjord generator. 
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2Uk Stator ready for winding. 


which have Ijeen built in Asea’s shops, and at the lime of their conslriiction were 
probably the largest direct coupled water turbine sets in the world. They are designed 
for a continuous output of 20000 KVA, 15000 volts, 300 r. p. m., 25 cycles, at 80 X 
power factor, at which load a temperature not exceeding 50° C. is stipulated; the 
machines can moreover be continuously loaded to 22000 KVA without the temper¬ 


ature exceeding 65° C., this corresponding to 
The generators are constructed with station¬ 
ary armatures and rotating Helds on hori¬ 
zontal shafts with llange couplings for attach¬ 
ment-to the turbines, and shaft extentions for 
the reception of the exciter armatures. 

The generators are totally enclosed and fitted 
with intakes and outlets for the cooling ah*. 
The rotors have fan blades attached for forcing 
the air through the cooling ducts in the ma¬ 
chines and also through the air intake system. 
The ventilating system of this installation is 
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an 'absorbed energy of 25000 HP. 



Fig., 217. Slalor lamiiialions. 









Fig. 2V8. T^oiov wWx Shaft. 
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F^. 219. Rolorccnlre. 







with the incoming supply of fresh air. Shutters and dampers are arranged on the 
generators and m the air passages to allow distribution of the warm air in any of 
the above mentioned ways. The volume of air to be handled in this way is rather 
arge, as 30 cubic metres per sec. are required for each machine at full load. 

rhe stator frames are of cast iron divided into four sections to facilitate transport, 
the weight of each section with laminations and winding, is about 23 tons. 'J'he 
periphery of the stators is arranged with machined strips to 
engage with rollers placed in the pits (see fig. 212), so that 
they can be turned after one of the feet has been detached; 
in this* manner any part of the stators can be easily inspected 
or repaired. There are several cover holes on the outside 
cylindrical face of the generators through which the warm air 
can either enter the generator room or the generator pits; 
doors or shutters are fitted to these cover holes and arranged 
so that they can be opened from the floor level, this also 
applies to some of the inspection covers which as a rule are 
bolted down and only used at the time of erection or when 
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Klf?. 221, Kotor ring creclctl for 
run-away tcs?t. 







repairs are necessary. There are no openings on the sides of the stator frames, 
•with the exception of those used during erection and through which lifting bars are 
placed. Owing to the heavy weight of the sections no ej’^ebolts were fitted, the lifting 
tackle being fastened to the above mentioned beams. 

The generators are enclosed by means of cast iron end plates made in sections, 
these serve the dual purpose of enclosing the machines and protecting the windings. 
Cast iron was used for these plates in order to more effectively deaden the inherent 
noise of the machines, at the same time allowing a more pleasing design to be used. 
The cover plates are made with small inspection openings provided with doors 

to enable the coils to be cleaned and inspected. 

The armature laminations are held in the stator 
frame in the usual way with dovetail construction, 
and are held together with flanges applied under 
pressure and secured by bolts passing through the 
back of the laminations, these bolls are well insul¬ 
ated from the iron. The flanges are made with 
fingers corresponding to the teeth in the laminations, 
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Figf. 223. Pole-pieces beiug bolted to i*otor ring. 









Fig. 224. First (ilomfjord generator during erection for testing. 


thereby securing uniform pressure on the whole of the laminations from the outside 
periphery to the airgap. The laminations are divided up into several sections by 
air ducts, allowing good ventilation and preventing any hot spots which might 
otherwise arise owing to their unusual axial length of U metres, and deep lamin¬ 
ations which had to be used owing to the low frequency of the machines. The 
amina ions ave 270 open slots for the windings, which are held in place with fibre 
wedges. The inside diameter of the armature laminations is 4.1 metres. 

The armature windings are designed as a three plane coil Avinding with two 
conductors per slot. Each conductor is divided into a great number of bars to 
re uce eddy current losses to a minimum. Each individual bar of the conductors 
IS insulated from the next with impregnated cotton 
and mica strips, and each conductor is insulated by 
means of micanite insulation of special design; the 
two conductors in each slot are placed in a micanite 
tube by which they are insulated from iron. The 
micanite tube is filled with compound and pressed to 
the conductors during a heating process which unites 
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Fig. 223. Direct coupled exciter. 




Fig. 220. Glomfjord generator on test. 


the insulation on the conductors and the tube, thus forming a homogenous mass of 
insulation round the copper, avoiding any possibility of the production of ozone 
or nitric acid and also insuring an exceptionally good fit of the coils in the slots. 
Special protection is introduced to prevent corona or other disturbances which might 
arise due to the high voltage and which would be detrimental to the insulation. 
Outside the laminations the two conductors are separately insulated and held in 
rigid bracl^ets. The insulation used for the free ends of the coils is so designed 
that it is impossible for the coils to be distorted due to short circuits or other 
outside troubles. 

Special precautions have been taken with the insulation of the coils where they 

are attached to the brackets, the dielectric strength 
of the coils is as good here as in any other part of 
the machines. 

Owing to the length of the coils and the thickness 
of insulation employed there is always the danger 
of hot spots occurring, however carefully the design 
may have been calculated. In order to check the 
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Fig. 227. Rolier arrangement iii generator pit. 



temperature at various parts of the windings, thermo-couples were built in at different 
places in one of the generators, the windings are made of the best electrolytic 
copper. The leads from the generators, one from each phase and one from the 
neutral, are made of well insulated cables taken out through porcelain tubes in the 
end Covers on the right hand side of the lower half of the stators, looking at the 
machine from the exciter end. 

The rotors are of cast steel with the pole-rings and pole-pieces cast together; to 
facilitate transport, checking of the castings and machining, this casting is divided 
into several discs, shrunk on the centre spider, the outside discs being stepped and 
shrunk on the inside discs, and the whole held together by bolts through the pole 
pieces and also through the pole ring close to the centre (see Fig. 210). Special 
precautions have been taken to ensure efficient ventilation of the rotors and stators 
by arranging wide radial air ducts in the centres of the rotors. The pole-shoes are 
of cast steel secured to the pole-pieces by bolts. It is the usual practice to have 
laminatM pole-shoes with open slot machines to i*educe eddy currents, but in these 
machines investigations proved that with the large air-gap, the eddy currents need 
not be seriously taken into consideration, consequently the pole-shoes were made solid. 

The field windings are.of standard construction with copper strip wound on edge 
wit^ 76.6 turns per pole designed for 220 volts excitation. The coils are insulated 
from iron by presspahn cylinders and washers and with paper and shellac between 
turns. On these machines, as on all Asea’s big generators, provision has been made 
to guard against the possible danger of hot spots in the rotor windings. Apart from 
the large air ducts in the centre of the rotors, which ensure efficient cooling of 
parts which are most liable to become overheated in medium sized machines, the 
field coils are arranged with cooling fins which considerably increase the radiating 
surface of the windings. The coils are held in place by the pole-shoes but owing 
to the comparatively great axial length of the coils there was a danger of the coils 
being pulled oiit of shape by centrifugal force during the time the overspeed test 
was being carried out; to prevent this, brackets are placed between the coils in such 
a manner that it is impossible for them to be distorted. The leads from the field 
windings are of flat copper bars which are connected to the collector rings by being 
led outside the rotor ring, hub and shaft. The collector rings of cast iron are placed 
inside the generator bearing at the exciter end of the 
machines. Each ring has eight brushes mounted 
on a brush yoke attached to the bearing pedestal. 

The spider arms, centre and rotor rings are made 
of cast steel. As the outside diameter of the ring is 
relatively small, compared with the axial length, the 
arms are not cast hollow as on other large machines 
but have a ’’cruciform” section (see Fig. 219). The 
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Fig. 228 . Glomfjord generator in test room. 


hub is secured to the shaft with two keys. The shafts have a length of 7.1 metres 
and are forged with solid flange couplings for connecting to the turbines at one end 
and extended at the other for the reception of the exciter armatures. On machines 
of this capacity, having heavy rotors and large power to transmit, the shafts have 
necessarily to be made stiff, consequently the shaft diameter is O.oc metre inside 
the hub and the weight approximately 13 tons. To make absolutely sure that the forging 
of the shaft is perfect, the whole length w'as, counter-hored from end to end and 
the centre portion taken out in one piece, from which test pieces were made to 
check the steel specifications. 

The shafts rest in low steel pedestals with babbit lined self adjusting bearings. 
Lubrication is accomplished by means of oil forced under the shaft underpressure 
at the time of starting, after which, oil rings come into play providing ample 
lubrication in conjunction with oil circulating system, oil being pumped from the 
basement through a filter and injected into the bearings on the top of the shaft. 
Direct water cooling is provided in the lower half of the bearings, and also b^ means 
of a cooling coil placed in the oil circulating system the oil is cooled befgre being 
again passed through the bearings. One of the bearing pedestals is insulated from 
the frame to prevent the circulation of parasitic currents. 

The flywheel effect of the rotating masses is 8750000 kgms. The genei'ators are 
mounted on separate bed plates for stators, bearings and exciters. The roller ari’ange- 
ment previously mentioned in the generator pit is mounted on a bed plate grouted 
into the foundation. All bed plates are held in place by foundation bolts. 

The stator frames of the direct connected exciters are not supported on the hearing 


pedestals but are placed on separate baseplates with a certain amount of clearance 
between the main bearings, thereby allowing a jack to be placed under the shaft for 
lifting same between the bearing pedestal and exciter; the travelling crane is thus 
free to handle the bearing shells for inspection, etc. 

The axial length of the machines is 7.4 metres from the turbine llange to outside 
the exciter, 8.4 metres across the stator feet. The highest point on stators is 4.076 


metres above floor level, the centre 
above and the bottom of the 
The weight of a complete 
110 tons being in the stator, 
the remaining 32 tons 
The exciters weigh 



line of the machines is 0.76 metre 
pit 3.4 metres below floor level, 
machine is about 225 tons, 
83 tons in the rotor and 
in bearings and bedplate, 
about 7 tons each. 


Fig, 229. Large bearing of Gloinfjord generator. 
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I’lR. 200. Calgary Power Cos Power Slalion al Kananaski.s Palls. 


CALGARY POWER Co., Ltd., CANADA 

AS previously meotioned, Ased has supplied a considerable number of generalors 

f'"'geuerators, mostly of the older type are 

Z„ f”"' T "“ly -atural when taking shop, 

tmusport, and erection facilities into considenitiou at the time of their construction 

rhe Mpacily of generator units used in Canadian power stations has not increased as 
T as for example the Swedish Stale power station al 

n«nreTtr"r Norway. The primary reason tor this is the 

h!lr r .'.‘f bodies of water and comparatively low 

xle It f't,*'<>- *Peed low powered type, 
he majority of the larger machines supplied by Asea to Canada are consequently built 

Duriln th”” “■ ““PPP'li'S »f about 1000 KVA per unit. 

T exceptions to this rule have taken place and 

Asea engineers have been estimating on some of the largest ma¬ 
chines in the world, whilst several fairly laige generators have 
already been built for Canada; for example 
those suppliM to Messrs. E. B. Eddy Co., of 
3750 KVA each, the generators for Healey’s 
lalls of the same capacity and the two gener¬ 
ators for the Calgary Power Co’s installation 
of which a short description follows. 


Mg. 2.U. Sidney Eleciric Power Co'.s plant, dam No. 
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Fig. 282. Four Asea generators in the Sidney Electric Power Go’s Stations each of 940 KVA at 120 r. p. nu, 

GO cycles, and 0600 volts. 


These two 3-phase generators have now been in operation since 1913 and are erected 
in the power station at Kananaskis falls, about 3 kms from Horseshoe falls on the Bow 
river, 80 kms west of the city of Calgary, Alberta. Besides the two generators mentioned 
Asea also supplied this station with an exciter, having a capacity sufficiently great 
to supply the field current for both the generator units, direct coupled to a vertical tur¬ 
bine. Also a motor generator set as a standby for the turbine driven exciter. The power 
station, which was built in the short time of twelve months, is only equipped with these 
two machines, and is tied in with an older station at Horseshoe falls by two transmission 
lines; at the latter station the voltage is stepped up to 55000 volts for transmission to 
Calgary. A small portion of the output is delivered to a cement work situated in the 
neighbourhood at the generator voltage. Power used for station requirements and the 
surrounding property is stepped down to 220o volts. The generators 
are designed for a continuous output of4250 KVA, 12000 volts, 163 r. p. m., 
60 cycles at 80 % power factor. They have stationary armatures with 
rotating fields on vertical shafts with solid flanges for direct coupling 
to the turbines. The stator frames are of cast 
iron erected on cast iron bottom rings which 
also carry the lower bearing spiders; the upper 
bearing spiders or cross arms are supported 
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Fig. 288. One of the .Sidney Electric Power Co’s Slalions, 
Canada. 









elt j f®', ‘’>’'"'■"8“' ore partly 

enclosed ■" o*’*'® “> Prorenl dirt and dual from entering the machines. The spiders 

a so carry the gmde bearings which keep the shafts in their vertical position and the 
rgap even all round; the thrust bearings were supplied by the turbine makers and 
carry the whole weight of the rotors and turbine runners. 

Ihe armature laininations are secured to the stator frames in the usual manner and 
rames spi to facilitate transport, even under these conditions difficulties were 

Ww T ’riT r sufficienllv 

eavy to handle these pieces. The stator diameter at the air 

gap is 4.0 metres and the laminations have 264 semi-closed 
slots to receive the windings. The windings are of the two 
plane coil type heavily insulated on account of the high 
voltage. This insulation consists of double impregnated 
cotton covering on the bars with presspahn between turns 
and a 5 m/m seamles micanite tube outside the complete coil 
containing six bars; the micanite tubes extend for a short 
distance over the free ends of the coils. The insulation on 
the free ends of the coils is made of flexible insulating mat¬ 
erial such as empire cloth and tape which is applied with 
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Fig. 286. Small verIleal three*phase generator. 











insulating varnish and is of ample thickness to ensure against the possibility of 
breakdown. On account of the high generator voltage (12000 volts between phases) 
very rigid specifications were drawn up. During the acceptance test the machines 
were subjected to 30000 volts A. C. for one minute between phases and also to ground. 
The free ends of the coils are well braced to prevent distortion or damage due to 
short circuits or heavy surges. 

The rotors are made with a solid pole ring but with detachable pole-pieces to allow 
for transport. These pole-pieces are also of cast steel held to the ring by bolting 
from the inside. If the standard construction had been adopted for these generators 
a cast iron ring could have been used, but as the purchaser specified an overspeed 
test of 100 X, it was decided to make the ring of cast steel. The pole-shoes are 
solid bolted to the pole-pieces. The field coils are wound with copper strip on edge 
which is held in place by the pole-shoes. The flywheel effect of the rotating masses 
is 1250000 kgms. 

The field current is taken from the collector rings on top of the gen era torif through 
cables which are carried part of the way inside the shaft. A platform is arranged 
on top of the generators to enable the operator to inspect the rings whilst the 
machines are running and a stairway and gangway is provided over one of the bearing 
spider arms on one side of the machines. 

These generators which are some of the largest that Asea have supplied to Canada, 
occupy a floor space of 6.8 metres outside the foundation ring. The top of the 
railings around the collector ring inspection platform is 3.08 metres above and the 
lower end of the shaft 1.63 metres below the floor level. 

The weight of each complete machine is about 71 tons, of this 26.2 tons are in 
the stator, 25.6 tons in the rotor and shaft, the bottom ring and bearing spider 
account for 14.8 tons and the remainder is in the bearings and other details. 





Fig. 236. 4800 KVA totally enclosed three-phase vertical gene¬ 
rator ‘With direct coupled exciter and supporting 
hearing erected lor test. 








Fig. 237. Interior of Xolcia power Elation. 


NOKIA COMPANY, FINLAND. 

In the chapter relatiDg the growth of Asea’a generator production, the fact was 
menhoned that Asea had built up a market for its generators in Finland The 
mach.n« supplied to this country, with a few exoeptions, are of relatively small 
sizes although perhaps^ at the time of their construction 
they were considered large. If, however, compared with 
machines of Asea s more recent manufacture, 
those for instance for the Norwegian govern¬ 
ment, Norsk Hydro-elektrisk, Kvielstof A/S etc., 
they must now be classified amongst the smaller 
types. Finland is one of the countries best 
provided with water falls in the world and 
will undoubtedly, now that the war is over 
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Fig, 238. Nokia power stalion. 









Fig. 239. One of Asea’s shops for. large machines. 


and conditions are getting back to their normal state, develop some of the big 
hydro-electric power projects which Asea has been assisting with by estimates and 
technical advice. Some of the large generators estimated for this country will 
compare very favorably with other large machines which have been mentioned in 
the preceding pages. The largest generator that has so far been supplied to Finland 
is a three-phase generator for Nokia A/B delivered in 1912. 

The above mentioned company owns a power station at Nokia 15 kms from 
Tammerfors, the electrical equipment of which consists of the generator already 
referred to and also one of Asea’s D. C. generators. Asea also supplied the necessary 
switch-gear and power line for transmitting part of the energy to Tammerfors at 

30000 volts. The majority of the power generated is 
absorbed in a neighbouring paper mill at Nokia, where 
it is used for raising steam in an electric boiler and 
for various motor drives. 

The 3-phase generator is constructed on the modern 
”G” type specifications with a continuous output of 
3600 KVA, 5250 volts, 167 r. p. m., 50 cycles, at 80 % 
power factor. The machine is of the open type with 



Fig. 240. 8-680 KVA three-phase generators, 
5500 volts, 125'r. p. m., 60 cycles in the Stock- 
fors.Co’s power station, Finland. 
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Fig. 241. One ol Asea’s test rooms for small maclilnes. 


Stationary armature, rotating field on horizontal shaft and solid flange coupling for 
direct connection to the water turbine. The stator is built according to standard 
design and is made of cast iron split horizontally, the halves being bolted together 
rhe laminations and windings are perfectly standard; the former are made of best 
Swedish iron, dovetailed into the frame and divided into several sections by air 
ducts. Each section has an axial length of about 60 m/m, which is further divided 
by presspahn insulation and each individual sheet is insulated with paper The 
winding IS of the two-plane coil type distributed in 216 semi-closed slots and insulated 
from iron by seamless micanite tubes. These tubes have a thickness of 3.6 m/m 
and the coils consist of four bars which are insulated from each other with presspahn 
and double cotton insulation. The free ends of the coils 
are insulated with impregnated tape and protected by 
cast iron end shields. The rotor is not built according 
to standard construction owing to the conditions enumer¬ 
ated below. Firstly the peripheral speed is rather high, 
in addition to which the specification called for a rotor 
heavy enough to take the place of a flywheel required 
for the turbine regulation, consequently steel had to be 

137 



three-phase generators, 610 KVA, 
10000 v^ts, 18/ r. p. m., 60 cycles at the Vtlrtslla 
works power station in Finland. 

















used; lastly the transport facilities were such that the smallest possible pieces were 
necessary. To make the rotor perfectly safe during the overspeed test, the rotor 
ring is also made of cast steel and in one casting with some of the pole-pieces. 
This ring is shrunk on to the cast iron flywheel ring which is cast in one piece 
with the hub and arms of the rotor centre. In order to make transportation possible, 
ten of the pole-pieces are detachable, five on each side, and are secured to the pole¬ 
ring by bolts. The outside diameter of the rotor is in this way reduced to such 
dimensions as to allow for transportation on standard freight trains in Sweden. 
In Finland however, it had to be transported on special trucks. 

The pole-shoes are of wrought iron held in place by bolts. The field windings 
consist of 72 turns of copper strip on edge per pole insulated in the usual manner 
and held in place by the pole-shoes. The field leads are secured to one of the 
arras then over the hub and along the shaft to the collector rings which are placed 
inside the bearing. 

The flywheel effect of the rotor is 930000 kgms. The generator measurBs axially 
3.68 metres from the turbine flange to outside the bearing and 5.64 metres i'cross the 
stator feet; from floor level to highest point on stator is 3.45 metres. The centre line 
of machine is 1 metre above and the bottom of the pit l.ec metres below floor level. 

The weight of the complete machine is about 57 tons, of this the stator wflighs 
19 tons, rotor and shaft 29 tons, the remainder being in the bearings and bedplate. 



243. Nokia^Tnmmerfors Iransmission line cro.s.>iing Py|}tljarvi. 
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Fig, 244. Interior of Sagami I power station. 


SAGAMI HYDRO ELECTRIC POWER Co., JAPAN. 

■pOR some considerable time Asea’s only foreign market, outside of Europe, was 
in Canada and Asea not only supplied a great number of smaller types of 
machines and apparatus but generators of fairly large size to that country before 
the export trade to other foreign countries (outside our 
own continent) started to assume any considerable pro¬ 
portions. These conditions had however commenced to 
change quite noticably before the beginning of the war 
and Asea’s products had started to find their way to the 
majority of the remaining parts of the hemisphere. At the 
present time Asea’s trade mark is undoubtedly well known 
in all parts of the world where a powerful domestic industry 

or high import duty does not prevent them obtaining a 
foothold. 

Among the various countries in which Asea had built up 
an extensive market before the war was Japan, although 
after the war started this had to be broken off. During 
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Fig. 245. Fuji-yama. 


Fig. 210. Semi-enclosed three-phase generator for Sagami during works test. 


1912 to 1915 Asea exported to Japan not only a large number of small machines and 
apparatus but also some generators of moderately large capacities. These generators 
were built for the Sagami hydro-electric power company for the two power stations 
Sagami I and Sagami II situated close to the railway station at Yamakita, which is 
about two hours journey by rail south of Tokio. The two power stations are located 
at the lower end of the Sagawa river, at which point it arrives from its source on 
the East side of the Fuji-yama (the holy mountain of Japan 1000 metres above 
sea level) without any large waterfall but by numerous rapids. The water volume 
is estimated at about 22 cubic metres per second. 

Sagami I station is situated further up the river than Sagami II. In this former 

station a head of 40 metres is available by the 
construction of a tunnel 2 kms long through 
the mountain parallel with the river. Sagami II 
station is located about 3 kms down the river 
from Sagami I and at this station a head of 25 
metres is available. Each station is equipped 
w'ilh 3 three-phase generators and one common 
exciter, all direct coupled to their own water 
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Fig. 247. Sagami I power station. 
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Fig. 248. Acceptance of generators Sagami I. 


turbines built b}' the Karlstad Co.; also one motor generator as spare for tbe 



Fig. 2411. Japan. 





windings but also the field coils and rotor ring, thereby making the machines semi- 
enclosed. This construction was decided on in order to eliminate as much as 
possible the noise from the machines, due to their high speed. 

The rotors are made with pole-pieces and pole-ring in one steel casting shrunk 
on to a cast ii-on centre. As separate flywheels were furnished for the turbines 
there was no necessity to arrange for any extra w'eight in the rotors so 4hat only 
enough material is put into them to insure a, good magnetic circuit and ample 
mechanical strength. The field windings are of copper strip on edge, according to 
usual practice in large machines and are insulated between turns with paper and 
shellac and from iron with presspahn cylinders and washers. The field coils are 
held in place by the pole-shoes which are bolted to the pole-pieces. The shaft, 
made from Swedish steel, is furnished with a belt pulley forged in one piece with 
the shaft and placed inside the coupling flange near the flywheel; this pulley is used 
for driving a govenor for regulating the speed of the turbine. ,The shaft is supported 
in two horizontal bearings, fitted with oil ring lubrication and a wat^ cooling 
system, to reduce the temperature to a minimum. The bearings are designed large 
enough to run satisfactorily should the cooling water be shut off for any reason. 

To allow for inspection and possible repairs the stators are so arranged that they 
can be moved parallel to the shaft on the bed plates, which are cast in one ^iece. 

The flywheel effect of the rotating masses on the larger machines is 500000 kgms 
and on the smaller ones 310000 kgms. 

The larger machines measure S.T metres axially, 3.34 metres across the stator feet. 
Highest point on stator frame is 2.6.3 metres and centre of shaft 1 metre above floor 
level. These dimensions also apply to the smaller machines except the diameter, 
which is 3.12 metres. 

The weight of each of the large generators is 25800 kgs whilst that of the smaller 
ones is about 19500 kgs. 



Fig. 250. JnpniiGSG river scene. 
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CONSTRUCTION OF ASEA’S 
LARGE GENERATORS 




rig. 2ol. 


Modern totally enclosed alternator with direct coupled exciter. 


f f a?or fe^^ IMd^i/rdiwn Covir'Sl'afes ote and lower halves of stator frame. 

Bearing cap. 
i and secured 
. Cover plates 

|.ole-picw8:"20. “*'*“*■ '’“eP‘»'e- 28. Bolts holding 


THE COMPONENT PARTS OF ASEA’S THREE-PHASE GENERATOR. 

^HE Allernating Current Generator is a machine which converts mechanical into 
± electrical energy in the form of alternating current. It consists of three principal 
parts: the stationary portion called the "stator”, the rotating part termed the "rotor” 
and the bearings which support the shaft to which the rotor is attached. 

The stator comprises the main frame for housing the laminations and winding 
accessory parts of the stator are coverplates (9), eyebolts, foundation bolts (5), and 
dowel pins (6), (see illustration Fig, 251). 

1 he stator frame (1 and 2 Fig. 251) is of cast iron, and either in one piece as indicated 
in big. 256, or split as shown in Figs. 251 and 255, in which case the two parts are rigidly 
bolted together. For mounting on the bedplate the stator is provided with massive feet, 
( hig. 251) and is constructed with openings for ventilation as indicated in Fig. 255, or 
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alternatively with cover plates (7) as 
Fig. 251. The axial faces are always 
made without openings to allow for 
bolting on of end -shields (9 Fig. 251). 
On the inside of the stator frame the 
laminations are packed, pressed, and 
keyed or bolted (see items 1 Fig. 252 
and 4 Fig. 254). The laminations are of 
0.6 m/m selected sheet iron but these 
before being ])laced in the stator are 
stamped to the requisite sha])e in a 
machine which forms the slots for the 
^\'indings (3 Fig. 252), and the keyways 
required to hold the laminations in place. 
The laminations are insulated from one 
another by paper about 0.03 thick, pasted 
on one side of the sheet iron before 
punching. To hold the laminations 



]. Ariiiatiu’C laminalions divided in 5 sections by ventilaling 
duels. 2, Stator teeth. 3. Slots, open type. -l. Venlilallnf? 
ducts. 5. Coil belonging to first group windings, lient outwards. 
(}. Coil belonging to second group oi straight plane winding. 
Note: the winding shown is part of a three-phase tj^'o plane coil 
winding divided into four slots per pole per phasd Hachgroup 
consists of four coils; the connections between colls arc shown 
(see item 0) but connections between the coll gif.kips are no I 
shown. 7. Slot with coil. S. Air gap. II. Pole-shoe. 10. Pole- 
piece. 11. Kotor hub. 1.2. Field coil shown 2 V 2 turns per pole. 

13. Connection between lield-coils. 11. Field winding.s. 


together the}' are i)ressed between substantial llanges secured to the frame and 


provided with projections corresponding to Ihc stator teeth (7 Fig. 254). 'I'he lamin¬ 


ations are diveded into sections by radial cooling ducts or channels (4 Fig. 2!)2, 



G Fig. 254), and on the inner face are provided with a 
number of slots -- the winding slots -- of open 
(3‘ Fig. 252) or partly closed form (8 Fig. 254) in which 
the windings (5, G, or 7 Fig. 252, 9 or 10 Fig. 254) arc 
inserted. The conductors are of high grade electrolytic 
copper wire or bars insulated from one another by 
cotton or paper applied by special covering machines 
and when necessary impregnated with varnish; for high 
voltage machines moulded, micanite is used. The parts 
of the coils projecting beyond the laminations are con¬ 
nected together in various waj's, depending upon the 
number of conductors, their size, and whether a bar, 
drum, or coil winding is decided upon (9 or 10 Fig. 254). 
The windings are insulated from the laminations with 


Pig. 253. Kolor of cast steel willi 
lield coils for jiioclcrn three-phase 
-generator. 

1. Hore of shaft. 2. Keyway. 3. Hub. 
I Arms. 5. Magnet ring-rotor ring, 
li. Pole piece without winding. 7. In¬ 
sulating sleeve. S. Insulating washer, 
n. Wound field coil. 10. Coiincclion 
between field coils. 11. Holes drilled 
and tapped for securing pole-shoes. 
32. Pole-shoe. 


high grade materials depending upon the voltage of the 
machine. For low voltages it is customary to use pres.s- 
phan or specially prepared insulating paper, and for 
higher voltages mica. Heyond the laminations the coils 
are insulated with tape and empire cloth. The ends of 



iMg. 254. Part of stator for modern 
three>phase A generator with two-plane 
Voil windings. 

1. Stator foot |>. Dowel pin. 3. End shields. 
•I, Stator lail^natlons divided into four 
.sections by air ducts. 5. Stator teeth, 
(i. Radial cooling ducts. 7. Finger of damn¬ 
ing ring. 8, Semi-closed slot. 9. Coil 
group consisting of two coils o f straight 
winding. 10. Coil of outer plane. 11. Bind¬ 
ing cord. 12. Connection between coil 
groups. 13. Leads. 


forged pole pieces bolted 
thereto (see Fig. 8). The 
pole shoes (9 Fig. 252,12 
Fig. 253) are in some 
cases laminated, that is 
to say the part of the 
shoes adjacent to the 
air gap is made from 
sheet iron keyed to the 
solid part of the shoe. 
In other cases the shoes 
are solid throughout — 
usually forgings — bolt¬ 
ed to the pole cores. 
(11 Fig. 253). The rotor 
winding (12 Fig. 252) is 
made from the same high 
grade copper as the stator 
winding taking the form 
of coils placed on the 


the windings are brought to terminals (13 Fig. 254) 
to which are attached the main cables leading to the 
switchboard. 

Between the fixed portion (the stator) and the moving 
part (the rotor) is an air space technically called the 
’’air gap^’ (8 Fig. 252) whose dimensions are determ¬ 
ined by magnetic and mechanical considerations. 
On small machines this air gap may be only a few 
millimetres but on large generators will be as much 
as 20 to 30 millimeters or more. 

The rotor consists of the magnet ring, poles, pole 
shoes, magnetising coils and the spider on which 
these parts are supported; the hub and shaft, the 
latter having the collector rings mounted upon it. 

The magnet ring and pole pieces are either made 
in one piece of Siemens-Martin Steel (see Figs. 252 and 
253), or alternatively of cast iron or cast steel with 



FJg. 256. Modern open type three-phase generator. 

1. Upper half of stator. 2. Lower half of stator. 8. Hori^conlal snllt in stator frame 
4. Staler loot. 5. Hcdding down bolts. G. Dowel pin. 7. Ventllatina openings iii 
fi® shackles. 9. ilator winding, if End slmld.^ 

Winding) 33. Rotor ring. 14. Arm. 15. Hub. 
Fiohl leads. 19. Collector rings. 20. Bearing cap. 21. Bearinsr 
cover. 28 Oil gauge with drain cock. 24. Eye boll. 25. Stator 
soleplate grouted into foundation and held in place by foundation bolts. 2G. Bear¬ 
ing soleplate grouted into foundation and held by foundation bolts. 
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pole pieces and held in place 
by the pole shoes. These coils 
are either of copper wire suit¬ 
ably cotton covered, wound 
on a bobbin (9 Fig. 253) or 
of strip on edge in one layer; 
in the latter case they are 
insulated between turns by 
specially prepared and im¬ 
pregnated fibrous insulating 
material. In both cases the 
coils are insulated from the 
iron with cylindei’s and end- 
cheeks of selected insulation 
whose properties larc such 
that it is both me|jhanically 
and electrically sound (7 and 
8 Fig. 253). These coils are 
so wound that the end of 
the first coil connects to the 
beginning of the second (13 Fig. 252) and so on; from the first and last coils the 
ends are brought out and thence, by means of cables (18 Fig. 255) or insulated bax*s 
secured to the magnet ring, over the hub and along the shaft, the current is conducted 
from the collector rings (19 Fig. 255). These rings are provided with brushes held in 
substantial brush-holders carried on brush rods from the carrier arm (13 Fig. 250). 
The two parts of the carrier arm are insulated from one another and from the 
frame as it is through these that the D. C. field excitation current is fed by means 
of the cables indicated at item 14 Fig. 256. 

The magnet wheel radial arms (14 Fig. 255) are of cast iron or Siemen.s-Martin 
Steel and the shaft (13 Fig. 251) of forged steel. This shaft is carried in two s])lit 
bearings one in each pedestal (one shown 21 Fig. 255). The lubrication is clfected 
by means of oil rings revolving with the shaft and carrying a copious supply of 
oil from the oil wells. 

The vertical shaft alternator has a top bearing bracket (13 Fig. 257), which rests 
on the stator frame and supports the thrust bearing, which in its turn carries the 
rotor. This top bearing bracket also includes the upper guide bearing, which is usually 
incorporated with the thrust bearing. This guide bearing is intended to work with 
another guide bearing, which is carried by the lower bearing bracket located 
beneath the rotor, thus maintaining the ptor in the correct position. Vertical shaft 
alternators usually have the lubricating system designed so that the oil from the 



Fig. 256« Modern semI*enclosed three-phase generator. 

1. Stator frame. 2. Stator foot. S. Holding down bolt. 4. Adjusting screw. 
5. Openings in stator frame for ventilation. C. Solid end shields. 7. Inner 
cover plates. 8. Eye bolts. 9. Hub. 10. Shaft. 11.Collector rings. 12. Brush 
holder and brush. 13. Brush carrier. 14. Field cable.s. 15. Bearing cap. 
16. Bearing pedestal. 17. Oil hole cover. IS. Holding down bolt. 19. Dowel 
pin. 20. Box bedplate. 21. Cover over foundation bolt hole. 22. Generator 

pit cover. 
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Fij?, 257. Vertical alternator, totally enclosed with <Urect coui^Ied exciter. 




oil-cup above the bearings drips down upon the thrust bearing. From the latter 
it runs to the upper guide bearing, after which, in most cases, it is led to the 
lower guide bearing and thereafter is caught in a container. With the larger ver¬ 
tical machines the thrust bearing is often arranged in an oilfilled bearing-housing, 
and for this reason the machine is equipped with an oil pump, which drives up 
the cleansed and cooled oil from the container to be used in the thrust bearing. 

file machine is either mounted on one bedplate, carrying both stator and 
bearings, (20 Fig. 256) or on a separate bedplate (25 and 26 Fig. 255). The vertical 
arrangement requires the use of a foundation ring (12 Fig. 257), which is securely 
fastened to the ground and supports the stator frame. The bedplates and foundation 
rings are of cast iron and are anchored by means of foundation bolts (21 F'ig. 256). 























SOME LARGE HORIZONTAL GENERATORS INSTALLED IN SWEDEN 


Order¬ 
ed in 

Deliv¬ 

ered 

in 

Customer 

Num¬ 

ber 

Type 

KVA 

R. P. M 

. Cycles 

Volts 

1908 

1909 

Svcnska Statens Kraflverk, Trollhaltan. 

4 

G 288 

11000 

187 


11000 

1909 

1911 

I • 

» ^ » » ,, 

1 

G 288 

11000 

187 


11000 

1911 

1912 

» » » » .,. * 

1 

G 288 

11000 

187 

25 

11 nnn 

1912 

1913 

» » » » 

2 

G 288 

11000 

187 

25 

11000 

1916 

1917 

» » » » 

3 

G 288 

11000 

187 

25 

11000 

1917 

1918 

» » » » . 

2 

G 288 

11000 

187 

25 

11000 

1919 

1920 

» » » » . 

1 

G 288 

11000 

187 

50 

11 nnn 

1920 

1921 

» >> » » 

1 

G 288 

11000 

187 

50 

1 innn 

1913 

1914 

» » V Porjiis ... 

2 

G 279 

11000 

250 

25 

11000 

1917 

1919 

» » » » 

2 

G 279 

11000 

250 


11 /tnn 

1911 

1914 

» » » » . 

3 

G 279 

6250 

225 

15 

4150 

1913 

1914 

» » » Alvkarleby . 

3 

G 299 

10000 

150 

50 

11000 

1914 

1915 

» » V » . 

2 

G 299 

10000 

150 

60 

11000 

1920 

1921 

» > » Motala . 

2 

G 2606 

6000 

167 


7000 

1915 

1917 

Stockholms Stads Elektriciletsverk, Untra..,, 

4 

G 297 

9000 

125 

h 

6800 

1903 

1904 

» » » Vartan . 

3 

V 1700 

1770 

100 


6500 

1920 

1921 

GideS-Husunis A.-B. 

1 

G 2307 

5550 

300 

50 

6300 

1916 

1917 

» » . 

1 

G 237 

4250 

300 

50 

0300 

1916 

1917 

Vngeredsfors Krafl-A.-B,, Alolndal . 

1 

G 238 

5000 

375 

25 

yoooo 

1916 

1917 

» » » . 

1 

G 237 

5000 

375 

50 

10000 

1915 

1915 


1 

G 208 

2850 

300 

50 

4000 

1905 

1906 

» » » .^ ^, 

3 

V 2400 

2350 

250 

50 

4000 

1921 

1922 

Sydsvenska Kraft-A.-B. 

3 

G 276 

5000 

1fi7 



1911 

1911 

> » . 

4 

' G 238 

3000 

lU / 

167 

50 

OifiOU 

5250 

1907 

1908 

» » . 

8 

V 330 

1420 

167 

50 

5250 

1915 

1917 

FaxSIvens Kraft-A.-B., Kramfors . 

1 

G 256 

4950 

250 

50 

6600 

1919 

1920 

» » » . 

1 

G 256 

4950 

250 

50 

6600 

1921 

1922 

Vasterdalfilvens Kraft-A.-B., Mockfjard . 

1 

G 247 

4500 

250 

50 

6600 

1917 

1919 

Uddeholms A.-B., Krakeriid . 

2 

G 276 

4300 

150 

25 

12000 

1909 

1911 

» » Forshultsforsen . 

3 

G 247 

2600 

187 

25 

12000 

1912 

1913 

» » » 

2 

G 247 

2600 

187 

25 

12000 

1915 

1916 

» » » . 

2 

G 247 

2600 

187 

25 

12000 

1917 

1919 

» » Krakerud . 

1 

G 236 

2100 

187 

25 

12000 

1920 

1921 

Holmens Bx'uks- & Fabriks A.-B., Norrkoping 

3 

G 275 

4250 

150 

50 

3000 

1920 

1920 

» » » » Hallstavik 

1 

G 236 

2900 

214 

50 

5000 

1907 

1908 

Gullsp^ng-Munkfors Kraft-A.-B... 

1 

V 3950 

3950 

250 

50 

5000 

1916 

1917 

» » . 

1 

G 237 

3950 

250 

50 

5000 

1919 

1920 

» » ., ^ 

1 

G 237 

3950 

250 

50 

5000 

1915 

1916 

» . 

1 

G 219"^ 

3750 

300 

50 

3300 

1906 

1907 

» » . 

3 

V 3500 

3500 

250 

50 

5000 

1912 

1913 

Stora Kopparbergs Bergslags A.-B. 

3 

G 267 

3800 

180 

60 

7000 

1908 

1909 

» » » » . 

3 

G 267 

3500 

180 

60 

7000 

1920 

1920 

Skonviks A.-B., Nedansjo . 

1 

G 255 

3800 

187 

50 

6300 

1916 

1917 

» » » . 

1 

G 254 

2500 

167 

50 

6300 

1915 

1916 

Hissmofors A.-B., Krokom. 

1 

G 238 

3750 

257 

60 

11000 

1919 

1920 

» » » . ^. 

1 

G 2306 

3750 

257 

60 

11000 

1911 

1912 

Ljunga Verk, Johannisberg ., 

4 

G 209 

3300 

375 

50 

6300 

1911 

1912 

^ » 1 

2 

G 177 

1200 

500 

50 

6300 1 


150 
















































SOME LARGE HORIZONTAL GENERATORS INSTALLED IN SWEDEN. 


Order 
ed in 

Deliv. 

ered 

in 

Customer 

Num¬ 

ber 

I'ype 

KVA 

R. P. M 

. Cycles 

Volts 

1917 

1917 

A.-B. Granin^feverken, Forsse 

1 

G 237 

3250 

250 

500 


Rnnn 

1915 

1915 

Asea, Viisteras, for provriim. 

1 

G 187 

2500 


OUUU 

1917 

1918 

Rydboholms A.-B., Viskafors. 

1 

G 188 

2250 

«i7i; 


oUU 

1920 

1920 

» » » . ^ 

1 

G 188 

2250 

375 

OU 

50 

DtiOU 

3300 

1920 

1921 

Boras Vaveri-A.-B., Skene. 

1 

G 207 

2250 

300 

50 

2500 

1917 

1917 

A.-B. Heroults Elektriska St51, Atrafors ... 

1 

G 207 

2200 

300 

50 

10000 

1918 

1919 

Svartifors Kraftstation . 

1 

G 230 

2150 

187 

50 

10000 

1915 

1915 

Hdvrestroms A.-B. 

1 

G 234 

2100 

250 

50 

415 

1906 

1907 

» » . 

1 

V 277 

1180 

200 

50 

415 

1909 

1909 

G6tebor^^s Stads Elektricitetsverk... 

1 

G 236 

2000 

167 

25 

6600 

1907 

1908 

» » » ...... 

2 

V 300 

1325 

187 

25 

6600 

! 1917 

1918 

Norrkopings Kommunala Affarsverk . 

1 

G 169 

2000 

500 

50 

3000 

1920 

1921 

Hemsjo Kraft-A.-B., Ystad ....... . 

2 

G 273 

2000 

125 

50 

6600 

1909 

1940 

Ume& ElektricUelsverk . 

2 

G 208 

1950 

300 

50 

6300 

1916 

19j|6 

Avesta Jarnverk . 

1 

G 236 

1900 

167 

50 

500 

1916 

19JI7 

» » . 

1 

G 236 

1900 

167 

50 

500 

1918 

1919 

Asea, Ludvikaverken, Liidvika. 

1 

G 188 

1850 

375 

50 

7000 

1913 

1913 

Dejefors Kraft- och Fabriks A.-B. 

1 

G 253 

1840 

167 

50 

2000 

19H 

1914 

» » » . 

1 

G 253 

1840 

167 

50 

2000 

1902 

1903 

Orebro Elektriska A.-B., Brattfors. 

1 

V 1800 

1830 

214 

50 

20000 • 

1905 

1906 

* » » » .. 

1 

V 1800 

1830 

250 

50 

20000 

1920 

1920 

A.-B. Knutsbro Kraftstation, Bjarka Saby_ 

1 

G 207 

1800 

250 

50 

3300 

1910 

1910 

^ » » Ojebro Kraftstation 

2 

G 214 

1300 

300 

50 

6000 

1918 

1919 

Klosters A.-B., L^n^fshyttan.,, 

1 

G 1810 

1760 

490 

16 

3500 

1916 

1916 

A.-B. Bofors-Gullspang . 

2 

G 207 

1750 

250 

50 

8400 

1920 

1920 

A.-B. Svenska Denofa, Nodinge. 

2 

G 186 

1750 

500 

25 

6000 

1920 

1920 

A.-B. Papyrus, Molndal... 

1 

G 167 

1350 

500 

50 

800 

1913 

1914 

Odensfors Kraftstation . 

2 

G 224 

1300 

250 

50 

10000 

1914 

1915 

Oxelosunds Jarnverks A.-B. 

3 

G 300 

1300 

94 

50 

3150 

1917 

1918 

Rydo Briiks & Fabriks A-B:, Rydobriik _ 

1 

G 168 

1300 

600 

50 

5400 

1915 

1916 

Langeds A.-B. 

1 

G 205 

1250 

300 

50 

5000 

1907 

1908 

» » ., 

2 

V 277 

1000 

300 

50 

5000 

1916 

1917 

Fagersta Bruks A.-B. 

1 

G 233 

1250 

187 

50 

2000 

1909 

1910 

» » s> . 

2 

G 223 

1040 

250 

50 

2000 

1916 

1917 

Kiiisjo Krafts A.-B., Blanks Kratlverk, LillsjSdal 

1 

G 205 

1250 

250 

50 

6600 

1919 

1919 

» » » » » » 

1 

G 205 

1250 

250 

50 

6600 

1916 

1917 

» » » Hornso. 

1 

G 185 

1250 

375 

50 

6600 

1914 

1914 

Sandvikens Jarnverks A.-B. 

1 

G 149 

1200 

600 

50 

520 

1911 

1911 

Skarblacka A.?B., Fiskeby_ 

1 

G 243 

1100 

125 

50 

800 

1903 

1904 

» » » ., 

1 

V 1000 

1000 

115 

60 

800 

1916 

1917 

Stockliolm-Roslagens Jarnvagar. 

1 

G 148 

1100 

750 

50 

3300 

1920 

1920 

Bergvik & Ala Nya A.-B., Vlfors kratlverk .. 

1 

G 149 

1100 

600 

50 

3150 

1920 

1921 

0,xeldsund-KIen-Vastinanlands Jarnvag 

1 

G 149 

1080 

750 

50 

3000 

1911 

1911 

Hjerpens Gellulosafabrik. 

1 

G 213 

1000 

250 

50 

3300 

1913 

1914 

Elvestorp Kraftstation ... . 

1 

G 213 

1000 

214 

50 

525 

1915 

1916 

Skogshalls Sulfitfabrik . 

1 

G 158 

1000 

750 

25 

525 

1916 

1916 

Obbola SulOtfabrik '. 

1 

G 205 

1000 

214 

50 

3000 


151 












































SOME VERTICAL GENERATORS INSTALLED IN SWEDEN. 


Order- 

DeUv- 


Num¬ 

ber 






Thriisl- 

ed in 

1 

1 

ered 

in 

1 

Customer 

1 

Type 

KVA 

H. P. M. 

('-ycles 

Volts 

bearing 

load 


1 181)6 

1896 

Dr. De Laval, Trollhattan.. 

1897 

1897 

» » » 

1916 

1917 

Per Ho Iras Kl. Verk, Lolon . 

1903 

1904 

» » » » » . 

1909 

1910 

» » j> » » ., 

1906 

190(5 

Frykfors A.-B., Fageras. 

1911 

1911 

» » » 

1914 

1915 

Ostersunds El. A.-B., Hissraofors. 

1901 

1901 

» » » » . * . T 

1905 

1905 

Hissraofors A.-B., Krokom. 

1906 

1906 


1910- 

1916 

1910- 

1914 

Horndals ,1amverk, Niis. 

1901- 

1906 

1901- 

1907 

» » 5» ., 

1898 

1898 

> >' » .. , 

1898 

1898 

» » » . 

1912 

1913 

Forshaga Sullitfabrik . 

1918 

1919 

Wahlqiiistska Kladesfabiiken, Svangsla 

1920 

1920 

» » » 

1906 

1007 

Motala Stroms Kralt-A.-B., Klockrike .. 

1915 

1916 

» » » » 

1903 

1903 

^ » » » .. 

1904 

1905 

Bergvik & Ala Nva A.-B. 

1901 

1902 

» » » » » . 

1913 

1914 

Norbergs El. A.-IJ., KSrrgiuvnn . 

1899 

1899 

» » » Avesta Lillfors .... 

1904 

1905 


1901 

1902 

(jysinge Briiks A.-B. .... 

1920 

1921 

Buitfabriks A.-B., Hallstaharamar. 

1913 

1913 

» » » 

1904 

1905 

Siirahaminars Bruks A,-B. 

1906 

1906 

Oskarsstroms Sulfitfabrik . 

1914 

1915 

Klippans Finpappersbruk . .. 

1903 

1904 

Umea Stads El. Verk, Klabbole 

1899 

1899 

» » » » » 

1897 

1897 

Fagersta Bruks A.-B., Semla . 

1900 

1900 

* » » Vastanfors. 

1900 

1900 

» » » Semla . 

1906 

1906 

Soderfors Bruks A.-B. 

1899 

1899 

» » » . 

1896 

1897 

Ramnas Bruks A.-B. . . 

1 907 

1907 

P. Swartz, Norrkdpmg . 

1015 

1915 , 

J. G. Swartz » . . 

1915 

1915 

» » _ 

1 909 

1909 ( 

Ohs Kraftstation, Alfvesta_ 

1899 

1899 1 

Kopings El. Verk, Koping ... . 

1907 

1907 ] 

Molneby A.-B., Axelfors.. 


1 

AC 2.5 

850 

250 

12. 

5 3(K 

11000 

1 

AC 2.5 

850 

250 

12. 

6 30C 

11000 

1 

GS 250 

800 

125 

50 

lOOOC 


1 

VIS 1.25 

225 

125 

50 

lOOOC 

4300 

1 

VS 291-26 

225 

125 

50 

220 

5100 

3 

VCS 1.5 

750 

150 

50 

2000 

11300 

1 

VCS 1.6 

750 

150 

50 

2000 

11300 

1 

GS 176 

740 

300 

60 

330 

3800 

2 

VLS 4.6 

210 

450 

60 

330 

_ 

1 

VES 2.57 

546 

257 

60 

330 

4600 

1 

VES 2.57 

546 

257 

60 

330 

4600 

8 

GS 244 

575 

88 

50 

660 

12500 

11 

VES 2,14 

415 

214 

50 

«60 

5000 

2 

VGS 1.67 

255 

1(}7 

50 

|>60 

_ 

1 

VAS 3.76 

102.6 

375 

50 

660 


1 

GS 251 

560 

75 

50 

500 

28000 

1 

GS 232 

550 

94 

50 

400 

18500 

1 

GS 181 

275 

150 

50 

400 

/oooo 

1 

VES 1.07 

485 

107 

50 

800 

11000 

1 

GS 204 

485 

107 

50 

850 

11000 

4 

VIS 1.07 

250 

107 

50 

800 

7300 

1 

VES 0.76 

440 

75 

50 

3000 

8000 

2 

VES 0.1)4 

440 

94 

50 

3000 

_ 

1 

GS 210 

287 

107 

50 

780 

15000 

3 

VIS 0.75 

200 

75 

50 

780 

6000 

1 

VIS 0.75 

' 200 

75 

50 

780 

6000 

1 

AIS 0.76 

270 

75 

15 

3000 

_ 

1 

GS 201 

250 

125 

50 

400 

12760 

1 

GS 191 

200 

125 

50 

400 

12000 

2 

VIS 0.7 

248 

70 

60 

380 

8200 

3 

VIS l.«n 

247 

136 

50 

820 

3500 

1 

GS 174 

225 

187 

50 

5250 

10000 

1 

VIS 1.87 

222 

187 

50 

5200 

3000 

2 

VIS 2.14 

220 

214 

50 

5200 

— 

2 

VGS 1.07 

210 

107 

50 

2250 

_ 

2 

VGS 1.07 

180 

107 

50 

2080 

_ 

1 

VLS 1.70 

1 !^ 

176 

50 

2080 

— 

3 

VIS 1.0 

180 

100 

50 

295 

7200 

2 

VGS 1,07 

175 

107 

50 

295 

_ 

1 

VLS 2 

170 

200 

50 

1560 

— 

2 

VS 291-21.6 

165 

94 

50 

525 

4500 

1 

GS 191 

160 

94 

50 

525 

2500 

1 

GS 163 

160 

150 

50 

525 

2500 

1 

VS 211-27,6 

130 

214 

60 

6600 , 

4500 

2 

VAS 2 

108 

200 

60 

3450 

_ 

a 

VS 211-17.6 

107.6 

150 

50 

400 

3700 


152 









































SOME LARGE HORIZONTAL GENERATORS INSTALLED ABROAD. 


Order¬ 
ed in 

Deliv- 

ered 

in 

Customer 

Num¬ 

ber 

Type 

KVA 

R. P.M 

Cycles 

Volls 

1919 

1921 

Norske Statens kraftanljcg, Glorn fjord, Norwaj 

1 

G 2713 

24000 

300 

25 

15000 

1916 

1949 

» » » » • » 

2 

G 2711 

22000 

300 

25 

15000 

1913 

1915 

A/S Rjukaufos, Norway., , 

6 

G 2711 

18900 

OKA 

K/k 

CIKAA 

1909 

1910 

» » » 

5 

G 2610 

17000 

OKA 

KA 

11000 

1921 

1922 

Akershus Amts El.-verk, Raanaasfos, Norway 

2 

G 3009 

12000 

107 

50 

7500 

1911 

1913 

A/S Svael^ffos, Norway. 

1 

G 2610 

11000 

OKA 

KA 

11 nnn 

1913 

1914 

» » » . 

1 

G 2610 

11000 

250 

50 

11000 

1906 

1907 


4 

V 1050( 

10500 

250 

50 

11000 

1916 

1918 

A/S Bjolvefossen, Aalvik, Norway. 

3 

G 2312 

10750 

375 

50 

12000 

1919 

1920 

rrondbjems El.-verk, Ovre Lerfoss, Norway,, 

1 

G 2306 

5000 

375 

50 

7000 

1919 

1920 

» » Nedre » » .. 

1 

G 235 

3000 

375 

50 

7000 

1917 

1918 

Onega Kvavoxidtabrik, Kiwatisch, Russia .... 

1 

G 2010 

4750 

375 

50 

2200 

1917 

1918 

^ ^ » » .,., 

1 

G 168 

1650 

600 

50 

2200 

1912 

1912 

Aren dais Fossekompani, Norway.,. 

3 

G 238 

4670 

375 

25 

5000 

1913 

19|4 

» » » 

3 

G 238 

4670 

375 

25 

5000 

1912 

19:^2 

» » » 

1 

G 228 

4375 

.375 

50 

5000 

1906 

1908 

A/S Tyssefalclene, Tyssedal, Norway . 

6 

V 4100 

4100 

375 

25 

12000 

1909 

1910 

» » » » . 

1 

V 4100 

4100 

375 

25 

12000 


1918 

H.E.P.C. of Ontario, Healey’s Falls, Canada .. 

1 

G 255 

3760 

240 

60 

6600 

1912 

1913 

Eddy Co. Hull, Qiie., Canada . 

3 

G 275 

3750 

163 

60 

2300 

1911 

1912 

Nokia A.-B., Finland . 

1 

G 256 

3600 

167 

50 

5250 

1917 

1917 

Drammens El.-verk, Labro, Norway , ^ 

1 

G 236 

3600 

375 

50 

5000 

1920 

1921 

Tammerfors L..& .J.-A.-B. Anjalakoski, Finland 

4 

G 274 

3500 

150 

50 

6300 

1918 

1918 

A/S Sulitelma Gruber, Norway .. . 

1 

G 208 

3000 

375 

50 

5000 

1904 

1905 

Tinfos Papirfabrik, Norway . 

1 

V 2830 

2830 

250 

50 

5150 

1906 

1907 

» » » ., , 

1 

V 2830 

2830 

250 

50 

5150 

1920 

1921 

Mandals Elektricitetsverk, Norway. 

1 

G 188 

2700 

750. 

50 

5250 

1919 

1920 

» » » . 

1 

G 169 

1820 

750 

50 

5250 

1915 

1916 

Norsk Motor og Dynamofabrik, Norway .... 

1 

G 187 

2500 

500 

50 

800 

1913 

1913 

Sagami Hydro El. Power Co., Japan . 

3 

G 189 

2500 

500 

50 

6600 

1913 

1913 

» » » » » » _ .. 

3 

G 186 

1500 

500 

50 

6600 

1919 

1920 

Tromso El.-verk, Skarsfjord, Norway .. 

1 

G 186 

2100 

750 ■ 

50 

6000 

1918 

1919 

A/S BjorkSsens Gruber, Norway ... 

1 

G 186 

2000 

600 

50 

5500 

1920 

1921 

The Sneyd Collieries, England .. 

1 

G.188 1 

2000 

750 

25 

480 

1920 

1921 

Kangas Pappersbruk, Finland . 

2 

G 233 

2000 

300 i 

50 

6300 

1920 

1920 

Kamfos Kraflanlseg, Norway. 

1 

G 187 

1850 

500 

50 

11000 

1919 

1919 

Tyssebotn KraftanUeg, Osteroen, Norway .... 

1 

G 187 

1820 

500 

50 

10500 

1916 

1917 

Folium Trasliperi, Honefos, Norway .. 

1 

G 205 

1750 

300 

50 

515 

1920 

1920 

* . 

1 • 

G 205 

1750 

300 

50 

515 

1916 

1916 

Hellerens Kraftanlseg, Norway. 

1 

G 188 

1650 

500 

25 

12000 

1914 

1915 

Electrica del Clnca, Spain., 

1 

G 224 

1500 

250 1 

50 

2500 

1919 

1919 

Nordlaiid Portland Cement A/S, Norway .... 

1 

G 167 

1500 

750 i 

50 

5500 

1910 

1910 

Seymor Power Go, Canada . 

1 

G 263 

1250 

120 ! 

60 

2400 

1915 

1916 

E. D, Sassoon & Co, Bombay, India . 

1 

G 252 

1250 

150 I 

50 

460 

1916 

1916 

Kajana Wood Co, Finland. 

2 

G 234 

1250 

167 1 

50 

10000 

1915 

1915 

Embretsfos Fabrikker, Norway.... 

1 

G 213 j 

1200 

300 ; 

50 

10000 

1913 

1914 

Hijos de Bartolomeo Recolons, Barcelona, Spain 

1 

G 168 1 

1200 

600 

50 

5500 

1917 

1917 

Elverums Elektricitetsverk, Norway 

1 

G 232 1 

1100 

214 . 

50 

5500 

1916 

1916 

A. Ahlstrom 0. Y., Warkaus, Finland . 

1 

G 233 j 

1100 

187 1 

50 

3150 








































SOME LARGE HORIZONTAL GENERATORS INSTALLED ABROAD 


Orilcr- 
crt in 

Deliv¬ 

ered 

in 

Customer 

Num¬ 

ber 

Type 

KVA 

U. P.M. 

C3'cles 

Volts 

1 

1919 

1919 

Kldefos Kraftanlieg, Norway. 

1 

G 185 

1050 

375 

50 

5000 

1911 

1911 

Bohnsdalens Mills Ltd. Norway . *. . • 

1 

G 223 

1030 

214 

50 

525 

1902 

1903 

A/S Barbu« Norway. 

1 

V lOOU 

1000 

125 

50 

2000 

1902 

1904 

» » » . 

1 

V 1000 

1000 

125 

50 

2000 

1912 

1912 

Electrica del Segura, Spain . 

1 

G 213 

1000 

250 

50 

4600 

1911 

1912 

Salvesen & Tharas A/S, Thamshavn, Norway.. 

1 

G 148 

1000 

750 

’50 

1100 

, 1919 

1920 

A'inger Kommiinale El.-verk, Aabogen, Norway 

2 

G 14!) 

1000 

750 

50 

5500 


SOME VERTICAL GENERATORS INSTALLED ABROAD 


Order¬ 
ed in 

Deliv¬ 

ered 

in 

Customer 

Num¬ 

ber 

Type 

KVA 

R. P. M 

. Cycle! 

5 Volts 

Thrust- 

bearing 

load 

kgs. 

1918 

1919 

1913 

1919 

1913 

1919 

1920 

1919 

1910 

1911 

1909 

1911 

1921 

1913 

1913 

1920 

1913 

1910 

1912 

1914 

1898 

1908 

1912 
1907 I 

1911 j 

1919 

1919 

1913 

1920 

1914 

1920 

1920 

1920 

1911 

1912 

1909 

1911 

1921 

1914 

1913 

1921 

1914 

1911 

1912 
1914 

1899 

1909 

1912 

1907 

1912 

A/S Vittinglos KraitanUeg, Norway ,... 

» » » » _ 

Calgary Power Co., Canada . 

Honefos Kommunale El. Verk, Norway 

Ortario Light & Power Co., Canada_ 

Bjorneborgs Kraft-A.-B., Aetso, Finland 
» * » » » 

C. A. Mengemor, Mengibar, Spain .... 
Sidney EL Power Co., Trenton, Canada 
» » » » » » 

Cobalt Power Co., Hound Chute, Canada 
» » » » » » 

C. A. Dynamis, Valencia, Spain .^ 

Hidro El. del Genii, San Calixto, Spain 
» » » » » » 

» > » » El Baltaii » 

H.E.P.C. of Ontario, Wasdells Falls, Canada 

Pankakoskl Trasliperi, Finland. 

» » . 

Issupowo Power Station, Russia ... 
Ladoga Bergverks A.-B.. Finland ... 
Iroquois, Canada. 

» » ... 

Owen Sound, Canada. 

Walkerton Light & Power Co., Canada 

1 

1 

2 

1 

2 

4 

1 

1 

4 

4 

3 

1 

1 

1 

1 

1 

2 

1 

1 

1 

2 

2 

1 

1 

1 

GS 276 

GS 276 

GS 277 

GS 274 

GS 2S3 

GS 272 

GS 272 

GS 183 

GS 253 

GS 253 

VCS 1.5 

VCS 1.6 

GS 185 

GS 213 

GS 212 

GS 231 

GS 233 

GS 173 

GS 173 

GS 174 

VGS 1.07 

VS 291-21.6 
VS 291-21.6 
VS 211-23.6 
GS 191 

4800 

4800 

4250 

4000 

1250 

1250 

1250 

1000 

940 

813 

875 

875 

800 

450 

360 

405 

400 

340 

340 

2«0 

215 

210 

210 

175 

150 

187 

187 

163 

214 

150 

88 

88 

300 

120 

112.6 

160 

150 

250 

90 

90 

84.6 

90 

300 

300 

150 

107 

97.6 
97.6 

200 

120 

50 

50 

60 

50 

60 

50 

50 

50 

60 

60 

60 

60 

50 

I 45 

45 

. 45 

60 

50 

50 

50 

50 

60 

60 

60 

60 

5000 

5000 

12000 

6600 

11000 

3150 

3150 

3000 

6600 

7000 

11000 

11000 

1650 

1000 

1000 

1000 

2300 

500 

500 

625 

620 

2300 

2300 

6600 

2300 

n 

65000 

65000 

61000 

25200 

52400 

52400 

22800 

12000 

12000 

4500 

4200 

4000 

6500 

5200 

5200 

4500 

10500 

3250 

8000 
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ALLMANNA SVENSKA ELEKTRISKA AKTIEBOLAGET 

VASTERAs — SWEDEN 



AUTOSYNCHRONOUS 

MOTORS 


Since the early eigthies when alternating current 
was first used for the transmission and distribution 
of electric energy for lighting purposes, the in^ 
ductive influence of transmission lines — which 
produces phase displacement between voltage 
and current in the lines and machines connected 
in circuit — has been, known. The disadvantage 
of such phase displacement were however not 
fully realized until the threephase system, with 
induction motors, was introduced in the early 
nineties. Every attention has since been paid to 
the design, construction and proportioning of 
induction motors to minimise this phase displas* 
cement, but in spite of all efforts the fact remains 
that most electrical power installations suffer from 
a large phase displacement which has necessitated 
special precautions being taken to reduce this 
by increasing the power factor of the installation. 

A bad power factor is obviously a great 
disadvantage in any A.C. system; it necessitates 
larger generators, transformers and cables, causes 
increased losses and bad regulation. It is due 
principally to the presence of inductive plant on 
the network (such as motors and transformers) 
which cannot supply their own magnetising cur^ 
rent but have to draw this from the generators 
via the cables and conductors. To compensate 
for the phase displacement caused, this magnetising 
current must be supplied from some other source 
and this source should be as near as possible 
to the place or machine where it is required to 
apply same, thus reducing losses in the conduce 
tors. This magnetising current can be in the form 
of D.C. or A.C. T- in the latter case either the 
same frequency as the supply or lower. If D.C. 


or low frequency A.C. is used the machine pros* 
ducing same must be driven by a motor or 
equivalent device. 

The different forms of apparatus used for 
power factor correction are: — 

1. Condensers. 

2., Compensators and Vibrators. 

3.. Synchronous and Autosynchronous Moj* 
tors. 

Condensers are occasionally used and connected 
to the circuit at the most suitable position; at 
present they can only be used in single units 
when the voltage is in the neighbourhood of 
600 and if materially above or below this figure 
transformers have to be installed to operate in 
conjunction with them — an obvious drawback., 
They are also relatively expensive consequently 
their application is limited. 

The phase advancer, and vibrator, provide a 
leading current of low frequency which is led 
into the rotor of an ordinary induction motor; 
the former consists of a commutator machine 
driven either by the main motor or a separate 
auxiliary motor. The leading current supplied by 
this is proportional to the secondary current of 
the main motor and consequently varies from 
zero at nodoad to a maximum at full load. This 
introduces the disadvantage that there is no 
correction at no4oad and the motor takes its 
magnetising current from the supply mains. The 
same thing applies to the ordinary form of 
vibrator. This consists essentially of three arma^ 
tures each in its own D.C. field and connected 
one across each phase of the rotor circuit of the. 
main motor. The rotor current causes them to 
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oscillate in synchronism with its own frequency 
and a leading current is thus generated due to 
their own inertia. With the Kapp form of vib;= 
rator another disadvantage is that a D.C. supply 
is required to energise the armature fields. 

Before dealing with the third and most im« 
portant method of power factor correction or 
studying closely the possibilities of utilising syn^ 
chronous motors, or more particulary autosyn;? 
chronous motors, it should first be explained 
more precisely and in some detail the meaning 
and importance of 

Cos, ^ 

The angle ^ is the phase angle referred to 
above between the voltage and current in an 
alternating current system as shown in a vector 
diagram* and the cosine of this angle is the figure 
(never gpater than 1) which indicates to what 
degree the electromagnetic energy in the lines, 
machines and transformers is effectively utilised ; 
that is ^4e reason why this is now generally 
termed ’Tower factor”. It must not be assumed 
that the portion of the energy which is not effect 
tively utilised is actually lost, but this portion 
certainly circulates throughout the system passing 
the point or points where the energy is consumed 
and returning to the power source through the 
corresponding conductors, apparatus etc. At first 
glance it might appear as if no harm was done 
when this particular form of energy is circulated 
in the system and returned to the source. Here 
however lies the great disadvantage of a low 
power factor, as the whole installation including 
generators, transformers, transmission lines and 
apparatus must have a larger current carrying 
capacity and be sufficiently dimensioned for both 
the effective energy consumed and the non* 
ettective energy returned. In addition to this the 
losses m the various parts of the complete in* 
stallatmn are dependent on the resistance of same 
and the square of the current; these are real 
losses corresponding to the total energy trasmitted 
whether consumed or circulated. In this way a 
low power factor will unnecessarily increase the 
first cost of an electric installation and in addi* 
tion increase the running cost of same. Such 
energy which on account of the cos (p being 
less than 1 — is thus returned to or reacts on 
the power source, is often called ’’Reactive energy” 

™ ^®®fradistinction to the consumed power ter* 
med Active energy”. If, for example, the power 
factor of an electric installation is O .75 this really 
means that 75 ^ of the generated and trans* 
mitted power is utilised and consequently active 
whereas 25 ^ is sent back and is consequently 
reactive. It necessarily follows that if one 
could increase the power factor from 0.76 to 1, 
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an additional 33 ^ of usefol energy could be 
obtained from this plant without in any way 
*“*'J*f®*“S file electrical proportioning of same, 
and in certain respects this could even be reduced. 
As a power factor as low as O.75 is quite usual 
in practice, the above example clearly emphasises 
the necessity of taking effective steps to increase 
* 1 ^ factor of such electric installations, 

which matter has during recent years been most 
^riously considered in its various aspects by 
Central Station Engineers. A simple solution of 
the problem will have far reaching effects and 
whilst already of importance to all distributors 
and users of electric energy it will be more so 
in the future. 

Ah important fact in this connection is that 
the Supply Companies and Authorities now fully 
realise the great drawbacks of a low power factor 
on their supply nets and are already introducing 
more stringent regulations with the object of 
making their charges on a different basis by 
penalising consumers with low power factors in 
a way, that, in addition to the usual 
k vvyhour meter measuring the effective energy 
a similar meter is installed measuring the re* 
active energy. When this latter exceeds a certain 
pre*determined value - depending on the size 
and nature of the consumer’s installation — a 
charge will also be made for additional units of 
reactive energy in accordance with special sche* 
dules prepared by the Supply Company. No 
doubt changes wdl very soon be made in most 
Supply Company’s charges on somewhat similar 
lines to those indicated above with the same 
object in view. 

An effective means of increasing the power 
factor is by utilising a machine or device which 
can nwtralize to a large extent the reactive effect, 
in such a way that it need not be produced in 
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the Power House or transmitted from there to 
the place of consumption; in other words, if the 
machine or device is on the consumer’s premises 
it can be made to produce a contra reactive 
effect of corresponding magnitude. Such an arran*? 
gement is found in the over^excited or over:* 
magnetised synchronous motor. 

Synchronous Motor. 

A vector diagram best demonstrates the pros* 
perty which this motor possesses of increasing 
the power factor of a certain energy demand. 
As an example, if at the place of installation 
where the energy is consumed by synchronous 
or induction motors, the voltage is ”E”, the 
required current ”1” and the phase displacement 
on account of the characteristics and load on 
these motors is 9 ?, the active effect or energy 
component will be (see Fig. 1). 

Pa = E • I cos (p watt, 

and the reactive effect or wattless component. 

Pre= £ • / sin (fj rewatt. 

In this pamphlet the reactive energy is called 
’’rewatt” so as to indicate its reactive nature, 
consequently reactive units or kW hours are 
styled kilo rewatt hours. 

If now at this point a synchronous motor 
running at no load is put in circuit in parallel 
with the other motors, and this motor is overs' 
excited, its current 4 will be vectorially in an 
opposite direction to I sin ^P, in other words, 
it is anti^reactive (or negatively reactive). This 
current, will reduce the value of I sin (p in such 
a way that the balance of the reactive current 
is I sin 99 minus 4. In this way the total current 
4 is obtained which is less than the original 
(I) and the new phase angle (po is also less than 
the** original (p, as a result of which cos (p has 
been increased a corresponding amount. The watt? 


less component or reactive effect has been reduced 
by an amount equal to that given by the syn? 
chronous motor. 

E • 4 rewatt 

The synchronous motor need not however run 
without load to obtain this advantage but can 
at the same time be used to do actual work. 

Figure 2 shows a vector diagram under the 
latter conditions. 

The active effect or energy component of the 
synchronous motor is now 

E • 4 cos (ps 

and its reactive effect or wattless component 
E • 4 sin Ps 

when ps is the leading phase angle. The resulting 
current is now 4> with a phase displacement ^ 0 - 

In this way it is easy to ascertain the influ? 
ence of the over?excited synchronous motor on 
the total power factor under different conditions. 
For instance, if the synchronous motor has a 
variable load (£ • 4 cos Ps) it is necessary to 
know how its, reactive current 4 sin ps varies 
in order to determine its influence or, in other 
words, how one ought to vary its reactive current 
(dependent upon the field current of the syn? 
chronous motor) to obtain the desired result in 
respect of cos p etc. (Needless to say when 
three?phase is in question it is essential to mul? 
tiply by three or \/3 if E is volts per phase or 
between phases respectively, in order to obtain 
the correct result.) The following question might 
here be asked: — Is the advantage obtained by 
increasing the power factor more than the total 
extra cost (initial cost plus operating costs) of 
an over?excited synchronous motor in comparison 
with an ordinary induction motor? This question 
can, without hesitation, in practically every case 
be answered in the affirmative and generally 
speaking it is found that the extra cost of the 
synchronous motor is more than balanced by the 
gain at the generator end and that the real profit 
is secured in the reduction of losses in, or initial 
cost of conductors or cables, transformers and 
apparatus, and, last but not least, in an improved 
voltage regulation on the whole system. This is 
of course on the assumption that the synchronous 
motor is connected at the place of power con? 
sumption and suitably designed for its work. 
It is well?known that the synchronous motor is 
unsuitable in cases where increased slip is required 
at heavier loads, for example, when working in 
conjunction with a flywheel. Neither is a syn? 
chronous motor suitable where repeated stopping 
and starting is required, but on the other hand. 
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the asynchronous motor under such conditions 
is an ideal machine. 

It is obvious from what has been stated above 
that the ideal motor for power factor correction 
purposes, which at the same time performs useful 
work would be a machine having the starting 
and running characteristics of an asynchronous 
motor and the phase compensating characteristics 
of a synchronous machine. These ideal charac^^ 
teristics are all combined in the subject of this 
article, viz: the 

Auiosynchvonous Motor, 

This motor was , invented in 1900 by the 
world-renowned Swedish Electrical Engineer, Mr. 
Ernst Danielson, at that time Chief Technical 
Engineer of Allmanna Svenska Elektriska Aktie- 
bolaget, Vasteras, Sweden. The term * autosyn- 
chronous” really means a synchronous motor 
which auto matically gets into synchronism. 
A short description of its design and characteris¬ 
tics will show in what respects its name applies.. 

From the diagram (Fig. 3) it will be seen 
that the motor is fundamentally an asynchronous 
or induction motor, as a rule a three-phase one.. 
’’L” is the supply net to which the motor is 
connected, a three-pole throw-over switch 
which is closed "downwards** when starting the 
machine. The resistance *’R" in the rotor circuit 
is connected in the usual way and when gradu¬ 
ally cut out the motor starts up as an ordinary 
induction motor and runs at a speed of a few 
per cent below the synchronous one. The direct 
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coupled exciter ’*M** has now its normal voltage 
and when in the following operation the throw- 
over switch is moved rapidly to the **up** posi¬ 
tion the rotor is magnetised with direct current 
from M and its speed is then automatically 
accelerated up to synchronism. The voltage on 
the exciter M is then adjusted so as to over¬ 
magnetise the rotor in order that the machine 
should give the required reactive current, with 
the result stated above, i. e. increase of the power 
factor of the net. 

From the above it will be noted that the rotor 
being furnished with a threephase winding it 
starts up exactly like an induction motor: it 
accordingly has the same starting torque, or 
^ven greater, since the autosynchronous machine 
can be designed with a larger air gap, the no¬ 
load losses being compensated by the D.C. 
magnetisation supplied. In the three rotor phases 
cn an induction motor having a sinusoidal field 
the currents vary according to a sine curve, as 
is well known and at each instant the current 
in one phase is equal to the sum of and 
Ig in the other two phases, as indicated on Fig. 4. 

Such a case 

where the cur- j 

rents Ig and Ig ® 

in these two last | 

are equal and y \ • /\ /\ 

fixed is arranged - \ j / -V- -h -V- 

on an induction \jX \ / 

motor by supp- V / 

lying D. C. to 

one phase con- Fig. 4 . 

nected in series 


with the other two in parallel, see Fig. 5. 

Here the flux is as nearly as possible of sine 
form — compare the field curve Fig. 6 and the 
no-load voltage curve of a generator Fig. 7. In 
this way when magnetised with continous current 
the flux becomes zero in the middle of the phase 
carrying double current, (see Fig. 8) and as the 
flux density is low the slots can be made wider 
thereby providing space for the insertion of hea¬ 
vier conductors. The rotor is accordingly manu¬ 
factured in a special manner the slots being 
stamped out in an equal number of groups to 
the number of poles, each group being composed 
of one-third wide and two-thirds narrow slots 

with the wind¬ 
ings distributed 
accordingly. 

Apart from 
certain inherent 
characteristics 
with regard to 
overload cgpa- 
Fig. 5. city etc. the only 







difference between this motor and an ordinary 
induction motor is that the winding of one phase 
of the rotor has about double the copper section 
of the others, as the current in same is twice 
the magnitude of the current in either of the 
others and this is quite easily arranged as the 
rotor slots are also specially dimensioned in the 



Fig. 6. 
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To overcome to some extent the drawback of 
low voltage and heavy current in the rotor cir^ 
cuit the rotor winding can be divided into two 
groups for starting purposes of which only one 
may be used during the starting period or the 
two groups may be put in parallel and series. 
Another arrangement is often used by which 



Fig. 7. 


manner described above. It is obvious that the 
exciter need not necessarily be direct coupled 
to the motor and also that direct current can be 
supplied from any other source so long as the 
correct voltage and current is obtained. As the 
voltage of the rotor winding during starting must 
be kept reasonably low the required direct current 
will also have a low tension with consequent 
high amperes. 

The D.C. required for magnetising is approxi^s 
mately double the current in the rotor second 
dary when running as an induction motor taking 
the same kVA. The copper section in the narrow 
slots is accordingly normal and need only be 
increased in the broader ones. If the design is 
such that the current density is the same in all 
conductors the resistance as a D.C winding is the 
resistance per phase in the corresponding indue?* 
tion motor. This resistance is 


P • s 

(1-s) . 3 . 4 ^ 

where s is the induction motor slip and P the 
kVA of the motor. The exciter voltage is accor?* 
dingly 


2 


3-V 


(1-s) 


l.t5 



or= 1.15 • • s where $ is small. E^ is the 

rotor voltage between sliprings. at standstill. The 
D.C. power required is 


2 I 2 • 1.15 • £3 • s = approx. I.33 • P • 5 . 


The exciter data therefore becomes 

p 

Current = /= 1.15 • amps. 

Voltage = £= 1.15 -£ 3*5 volts. 
Power = 1.33 • P • s watts. 


the three phases in the rotor are Delta connected 
during starting and Star connected when running 
as shown in Fig. 9. In such a case it is necessary 
to furnish the rotor with six sliprings of which 
three marked 1, 2 and 3 in Fig. 9 are provided 
with a brush lifting and short circuiting device. 

Generally in a large motor the slipring voltage 
cannot be higher than about 1200 and to take 
a specific case with a motor of 1000 kVA and 
s = 0.015 the exciter provides approximately 
960 amps at 21 volts. If the Delta Star com^ 
bination referred to above is used with such a 
machine the exciter current in this paticular ex?* 
ample would be reduced to about 550 amps and 
the voltage increased to about 36 — a much 
more satisfactory arrangement. 

Regarding the running characteristics of the 
autosynchronous motor, it should be noted that 
if the machine is overloaded above its maximum 
rating as a synchronous motor it falls out of 
step and, provided the overload is not too large, 
it continues to run as an asynchronous motor 
until the load is decreased to an amount just 
below that at which it fell out of step, when 
the motor again automatically synchronises itself. 
During this period the motor runs at a lower 
speed corresponding to the slip of the rotor. 
Should the motor on account of heavy load or 
large flywheel effect of the driven machines 
(especially if the 
motor is direct 
coupled to same) 
not be able to 
synchronise it?* 
self, a temporary 
increase of the 
excitation volt:« 
age will general/ 
ly effect the 
desired result. 
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Ep Iig 

The reluctance of the magnetic circuit is then 
assumed constant and equal to that existing at 
the voltage Ep and the magnetising current Ih. 
^ Further if OD in Fig. 11 represents the short 

machine as generator, 
Jka (FDj is the current which on short circuit 
corresponds to the magnetising current Iio and 
consequently the synchronous reactance 

x — ip — dl 
ho~DF 

^ Tlw semicircle OBA in Fig. 10 has a diameter 

corresponding to the maximum active 

power of the motor (per phase if F and Ep are 
’^o^*ages) and the vector OB cut off E 
(OG) IS the active power Pp developed by the 
motor at that moment. is then equal to 

‘ sin y where y is the angle between 

E and Ep. The angle ^ indicates the phase disi« 
placement be^een supply voltage Ep and current 
I, which angle is negative and consequently will 
produce toe required power factor correction so 
ong as FG lies above FC. The active current 
component 4 is obviously proportional to PH and 


In order to fully appreciate how the aut( 
synchronous motor operates it is important 1 
know its inherent characteristics and, as san 
are best shown graphically, the foUowing wi 
explam briefly in a popular form the workin 
diagrams of the autosynchronous motor and finig 
ott with a short discussion on toe points resu 
mg from same, followed by a few practicj 
hints on their applications. 


Working diagram and Characferisfic Curves of fh 
Autosynchronous Motor. 

Fig. 10 shows toe working diagram of to 
motor where ”1” indicates the magnitude an( 
phase ot the leading primary current; Ep (OF 
the ma^itude and phase of the supply voltage 
which IS of course equal to the voltage at th* 
motor temunals; E (DQ) toe voltage which ac 
cording to Fig. 11 corresponds to the magnetisms 
current I, in the rotor, and XI (FG) the syn. 
chronous reactance voltage. If in Fig. 11 OAE 
IS the nodoad characteristic of the machine rum 
mng as generator and lie and Ii are, respectively, 
the exciting current in amperes at no load as 
generator and at toe load as autosynchronous 
motor mtocated in Fig. 10 then the magnitude 
of E IS shown in Fig. 11 by EO, and 
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m 

X 


and the reactive current component /„ = — 

X 

proportional to the active current 
the area represented by the rectangle FHMO is 
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obviously proportional to the active power and 
consequently at constant voltage simply propor^^ 
tional to FH. 


By studying this diagram the working of the 
motor can easily be followed. If the D.C. mag*® 
netising current is kept constant, and the motor 
load is varied between zero and maximum, E 
(OG) wiU also be constant, but turn round 0 
describing a quarter circle DGCL. The vector 
FG will at the same time turn round F with 
its other end on the same quarter circle, while 
q) changes from — 90^^ at no load to a certain 
positive value at the maximum load. It is of 
special interest to note how at the same time 
the reactive current component changes from its 

, FD , , FK 

maximum value at no load to at normal 

full load, then to zero when XI coincides with 

FC (when cos = 1) and finally to at 


maximum load. In this latter case the reactive 
component, is negative and consequently has an 
inductive influence, reducing the power factor 
of the plant as , a whole. 

In order to farther illustrate these conditions 
Fig. 12 shows curves drawn up showing the 
power factor and current (total and reactive) in 
the motor as a function of the power Pa when 
this varies from nil to its maximum value — 


P. 


max. 


E • Ep 
X * 


Normal fall load has here 


been assumed to be 77 ^ of the maximum load 
and E is assumed to be equal to 4 Ep i. e. the 
magnetising current at normal full load is four 
times as large as the magnetising current required 
at no load with unity power factor. Within this 



Fig. 11, 



load variation the total primary current only 
varies in the ratio of 60 to 68, the reactive cornu 
ponent however from 60 to 30, (p from 90° to 26° 
and finally the power factor of the motor from 

23 

0 to 0.9. The overload capacity • 100 = 30 

The mechanical power produced by the motor 
is of course equal to the electrical power P^ less 
the losses in the motor caused by resistance, 
hysteresis, foucault currents, windage and friction. 
As speed, magnetising current and terminal vol^ 
tage are constant, and the primary current nearly 
constant, the total losses will be practically con:* 
stant and consequently the difference between 
electric and mechanical power also practically 
constant and broadly speaking equal to all the 
losses at no load, i. e. at cos 59 = 0. 

In the above it has been stated that the auto:* 
synchronous motor after running up to asyn#* 
chronous speed automatically synchronises itself 
when the rotor is supplied with direct current. 
But as this is not achieved under all circumstances, 
(without, -for instance, increasing the magnetising 
current) it may be interesting to study this matter 
more closely. 

Synchronising Torque of the Aufosynchronous 
Motor. 

After the autosynchronous motor has been 
started up and whilst the throw over switch still 
remains in the ’’start*’ position, i, e. downwards, 
(see Figs. 3 and 9) the motor still runs as an 
asynchronous motor with a slip ”s” depending 
on the characteristics of the motor, mainly the 
rotor resistance, and the amount of load. When 
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the changeover switch is reversed to the 
position — and it is assumed that the exciter 
has by that time reached normal voltage — no 
instantaneous change is made in the motor’s 
asynchronous characteristics as the armature win^ 
tiing of the exciter does not add any appreciable 
resistance in the rotor circuit. Before any change 
in speed has therefore taken place the slip of 
the motor is still "s" and the torque of the 
motor as an asynchronous one still corresponds 
o the temporary load. Through this changeover 
however a new torque condition has been added, 
a sychronous one, dependent upon the magnet 
tisation of the rotor by direct current. This torque 
oweyer is not constant but changes both as 
reprds magnitude and direction according to the 
relative position of the fixed rotor poles and 
the poles m the stator created by the stator flux, 
and IS consequently varying according to the 
displacement indicated by the angle y in Fig. 10. 

n Fig. 13 Ae vector E is assumed to rotate 
at a speed which is / • 5 revs per second and 

consequently with a period of ^ secs where/ 

is Ae frequency of the primary current. 

During tins rotation /, /„, 9 ?, and P, will varv 

staSe? “ for in* 

me top of Ep and that P, is positive when the 
P vector cuts the lesser circle to the right and 
negative when cutting the corresponding circle 

P S in^trfcircle. 
Que y t synchronous tor* 

que in question and consequently 

Ms = Msmax. siny = ~^^ £ . sin y 


It is evident that this synchronous torque, im*: 
mediately after the throw over switch is moved 
”up”, will affect the speed of the motor in one 
way or another. If this changeover is effected 
when y lies between 0 and 180° acceleration, 
occurs and between 180° and 360° retardation 
occurs, and, in both cases, the smaller y is the 
more effective are the acceleration and^retardation 
in question. The most opportune moment for 
the changeover is when y is 0 and the process 
of synchronising will be most easily achieved 
if the acceleration is strong enough to effect 
synchronism before the angle y has passed 90°. 
If synchronism is only just achieved when y lies 
between 90° and 180° the ability of the motor 
to remain in synchronism depends on whether 
y is then so large as to make Ms larger or smaller 
than the load torque Mi,\ 

Referring to Fig. 14 and assuming that the 
load torque Mi = half maximum synchronous 
torque i. e. 

Ml =^MsmsiXs = Msrti3ix. • sin 30° 

that the changeover switch is in the ”up” po* 
sition when y — 0 and that synchronism, (which 
nieans that the rotor speed is equal to the speed 
or the stator field, in other words, the slip s = 0 ) 

IS achieved under the first period, the following 
may occur ° 

1. Synchronism is achieved when y is 30°; 
Ms is men = Mi and the rotor continues to run 
at synchronous speed and y = 30°. 

. Synchronism is achieved when y lies be* 
^SO , for instance at 90°. 

*1,. I ® synchronous torque is then larger than 
me load torque and the acceleration should con* 
tinue until y is reduced to 30°. In such a case 
however the speed of the motor would be above 
s^ci^onous speed, i. e. s negative, and the motor 
woitid then run as an asynchronous generator 
producing a retarding torque. 

ActuaUy however the acceleration finishes at 
ay which IS larger than 30° but less than 90°. 

e sp^d is then still above synchronous speed 
and IS further reduced and finaUy comes below 
30 but IS then again increased and the whole 

results m a quickly dying oscillating movement 

period the other factors, such as current, phase 
Jsplacement etc. are altered as shown in the 
diagram in Fig. 14 for different values of y. In 
cases where the motor cannot reach synchronous 
'ejfain at synchronous speed, the speed 
IS contmuaUy changing as well as the cuwent 

«*^^«geover happens 
at y — 180 the slip is increased beyond norfnal 
durms A' fir* kJf period and thl 
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Fig. 14. 


of achieving synchronism during the following 
half period if then of course correspondingly 
less. It would be practically impossible to select 
a suitable moment for changeover, but if an 
attempt is repeated a few times success should 
be ensured if synchronising is at all possible. 
As it is of course of importance to pre^^determine 
the condition so that synchronism is possible, 
it is essential to closely examine the 

Facts governing the synchronising ability of the 
motor: 




dy 

di 


dv d^y . 

““I 


■AI'.CC 


-k^-m 


<Py 


The following four torques influence the rotor: 
1. The load torque which is constant Mi 
Z. The synchronous torque Ms = Ms max. sin y 
3. The asynchronous torque Ms = k\s 

dv 

is The acceleration torque Mace = k\ • m ^ 

where m is the mass of the whole rotating part 
and V its linear peripheral speed, both reduced 
to, for instance, 1 m radius. 

If the speed of the primary field is (1 m 
radius) then: 


In order to obtain balance it is necessary that 
Ms + Ma= Ml + Mace and then 

iVlj max. sin y + fc • ^=Mi —k^ ■ m 

which equation gives when solved the synchro^* 
nising occurrence. 

As however this equation, is difficult to solve, 
an approximate and more simple solution of the 
problem is given below. 

It is assumed that the change over occurs when 
y = 0 and that synchronism is reached during 
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Ae first quarter period i. e. before y is 90°. The 
value of the synchronous torque during 
this period would be 


Ms&y- — — • Ms max. 

7t 

The asynchronous torque is which however 
during the period is reduced from Mi to 0. The 

average value MgAV. — ^ 

The torque available for acceleration is consequc 
ently 

M^e = Ms av. + Ma av. — Ml 

= Ms^y.-f 

The torque can most suitably be calculated in 
Kg on 1 m radius. 

When the synchronising operation is started 
the slip is s and when it finished the slip is 0, 
consequently the average value during this period 
is s/2. The time of this period, i. e. the time 
during which the acceleration shall be achieved 
is consequently 


Ihe above formula (1) which of course, due 
to the assumed conditions and simplifications 
made, must be regarded as only approximately 
correct, is however especially instructive as it 
clearly shows which characteristics and circum^* 
stances govern the synchronising and in what 
respect these facilitate or make synchronisincr 
more difficult. 

From the above it is obvious, for instance, that 
A large Ms max. helps synchronising and 
» » Mi makes synchronising more difficult 

» » m (GD^) makes » » » 


» » 


» » 




y> 

» 


t = 


seconds 


4/V2 2fs 

the speed must be increased from 

"5) to Vj and consequently 

Av = vi^v, a-5) = vis 

speed at 1 m radius in m per 
sec. We consequently get 


Ms, 


, _ Ai> 

lacc— m • — = m • 2 /vj 5® and therefore 

Mssy. - y = 2 m • / s*.( 1 ) 


If M represents the number of HP corres* 
ponding to the load and n the synchronous speed 
in revolutions per minute 


Ml 


— 60 • 75 » Ni 
2 7t n 


(kgm) 


If E and Ep are voltage per phase and M max. 
IS the maximum output of the motor as a synss 
chronous machine in HP. 

5 E -Ep 


A^max. = 


and 


736 X 


MsSlv, = — . 60 • 75 ■ A^max 
^ 2 7t n 


(kgm) 


If GD^ is the jflywheel effect of the rotating 
parts in kgm^ 

GD^ 

^ = '-A -— 

4 • 9.81 


If HP is introduced insteaded of torque and 

kinetic energy E (= — m v^) the following re^* 

suit is achieved. 

2 xr Nl 4 

M.mx. =- = ~. E.f. .(2) 

The following deductions, amongst others, can 
now be made: 

1. It is of very great importance to keep the 
rotor slip as low as possible (i. e. to put as much 
copper^ as possible in the rotor winding) if the 
motor is to start with a big load or if the rotating 
parts have a large flywheel effect or, still more, 
ir both these conditions exist. 

2. Under similar conditions a large overload 
capacity is of importance. As this is already 
decided by other circumstances it is important 
to arrange for the possibility of increasing the 
same dming the synchronising period by incre# 
asing the magnetisation of the rotor. 

3. If the motor is started without load there is 
no risk whatever of failure to obtain synchronism. 

4. If the flywheel capacity in the driving 
machinery is very large it is preferable to use a 
flexible coupling, or a long belt, either method 
of which is preferable to direct coupling. 

5. All other conditions being equal, a low 
periodicity supply is preferable to a high one. 

Practical points on their applications. 

It is well known that under certain conditions 
the synchronous tnotor is liable to »hunt»: this 
cannot, however, take place with an autosyn:* 
chronous motor as the rotor winding acts as an 
extremely good damper. The two parallel con^ 
nected phases II and III in Fig. 5 act precisely 
as a damping winding whilst the whole rotor 
circuit is short circuited by the exciter armature 
which has an exceedingly low resistance. 

It is true there are conditions under which 
an autosynchronous motor can change speed 
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but this phenomena is quite different to the 
hunting which takes place with a synchronous 
machine. As the armature reaction of an auto#* 
synchronous motor is relatively large, with feeble 
excitation the field can be neutralised by the 
armature reaction thus causing the motor to fall 
out of step. The machine does not, however, 
stall but cctntinues to run as an induction mcftor 
and as such has a large overload capacity. Under 
these conditions an alternating current of low 
frequency is produced in the rotor windings 
which current is superimposed on the D.C 
produced by the exciter. At some particular 
instant the current induced in the rotor has the 
same direction as that generated by the exciter 
and the rotor receives an impulse tending to 
pull it into step. Before this has been accom:^ 
plished the alternating current has changed its 
direction, is opposing the D.C. current from the 
exciter and the motor falls back to the asyn^ 
chronous conditions. The rotor accordingly tends 
to set up a pendulum or oscillating motion which 
can be termed a hunting movement. 

To obviate this the autosynchronous motor 
should be designed with an overload capacity 
as high as possible, which overload capacity 
depends upon the proportion between armature 
reaction and D.C. ampere4urns on the rotor, 
and upon the power factor at which the machine 
normally works: the suialler these are the greater 
is the maximum output of the motor. For this 
reason autosynchronous motors should be designed 
with high flux density and should have few 
stator turns in order to secure small armature 
reaction. As this procedure naturally gives a 
larger and more expensive machine it is usually 
found more desirable from the commercial point 
of view to design the motor for a low leading 
power factor. It is true that this also increases 
the dimensions and the price, but in addition 
to giving more stable running it also provides 
for a greater amount of power factor improve^ 
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ment on the system in most cases a very desirS 
able feature. 

When an autosynchronous motor runs with 
a power factor in the neighbourhood of unity 
it has no overload capacity: accordingly with 
the least increase above full load the motor falls 
out of step and runs as ah induction motor. 
With lower leading power factor the overload 
capacity increases, and at Cos q> = 0.9 it is 
about 35 This figure is based on the assump^ 
tion that the line voltage and excitation remain 
the same at all loads. If the excitation can be 
increased, this has the same effect as a lower 
power factor and the maximum power is conse** 
quently increased: if the line voltage falls, the 
overload capacity is decreased. As running 
conditions are seldom such that overloads cannot 
occur and as a possible voltage drop must be 
provided against, the normal overload capacity 
should not be less than about 35 Autosyn** 
chronous motors for commercial use should 
accordingly not be designed for a higher power 
factor than 0.9. 

Although it will be seen that it is not expedient 
to design autosynchronous motors for heavy 
overloads, it does not matter in the least if the 
load is a varying one. If the load is decreased 
without altering the excitation, the stator current 
remains practically unaltered. Power current is 
replaced by wattless current and the leading 
power factor sinks (See Fig. 15). Since, as has 
been said before, too much of this sort of current 
can seldom be obtained, this is a big advantage. 

It is therefore not advisable to reduce the exci:* 
tation to keep the power factor up even if the 
motor runs unloaded, but it is better to make 
as much use as possible of the motor as a power 
factor improver. The attention necessary is also, 
in this way, considerably decreased. 

Should for any reason the maximum output 
of the motor as a synchronous machine be ex:* 
ceeded, it does not stall but as pointed out above 
continues to run as an asynchronous motor, and 
when normal conditions are restored the motor 
pulls into step again of its own accord and quite 
automatically. This synchronising can be made 
easier by increasing the exciting current. 

The losses in an autosynchronous motor are 
only slightly greater than the losses in ah in^ 
duction motor of the same kVA capacity, the 
copper losses and iron losses of the stator are 
the same and it is only the copper losses of the 
rotor that are increased. Assuming the same 
current density in the windings, the weight of 
copper in the rotor of an autosynchronous motor 
is about */& times that in the rotor of an ins 
duction motor, and the rotor losses are thus 
approximately 33^ greater. As the regulation 
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Fig, 16. Autosynchronous matot 15C0 HP. J700 vohs, 370 r.p.m., 50 cydes. 


of the exciting current is done by a rheostat 
the exciter shunt circuit the losses in extern 
resistance are exceedingly small. 

Autosynchronous motors can also be used^ 
generators, but have the disadvantage of bad regi 
lation; for example the motor to which the curv( 
m rig. 15 apply, the regulation at unity pow( 
factor is approximately 48^, If, however, the loa 
on the machine is anywhere near constant the ba 
re^nation may not be of such great importanci 
fo shows an autosynchronous motor fc 
3700 volts, 1500 HP, 50 cycles, 375 r. p. n 
and desired for a leading power factor of 0, 
Ihe size of this motor is exactly the same a 

I of equal output, an 

oofy differs nom such a machine in having 
special rotor winding and six sliprings, of whic 
three are provided with brush lifting and shoi 
circuiting gear. (The three other sliprings ar 
16 


placed on the opposite side of the rotor and 
are therefore not visible in the illustration). The 
motor is connected as indicated in Fig. 9 and 
is accordingly started with the rotor winding 
Delta connected, but afterwards, when up to 
speed, is Star connected for the continuous 
current supply. The magnetising, short-circuit 
currcs, and load point of this machine are shown 
in Fig. 17, whilst Fig. 15 shows the characte¬ 
ristic curves with different loads and constant 
excitation. It will be noticed that the total cur¬ 
rent falls very slightly with decreased load, 
power current being replaced by reactive current 
so that at no load this last is very nearly equal 
to the fuU load current of the motor. The 
apparent efficiency: 

I kVA . \ 

\ kVA -f- losses I 

is ahnost the same (from 94 to 95 ^) at all loads. 
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The inherent characteristic which the auto:s 
synchronous motor possesses of continuing to 
run as an induction motor when overloaded 
beyond its breaking out point as a synchronous 
machine is a most Valuable feature under pracn 
tical working conditions. When out of synchro? 


nism the motor recovers the characteristic of an 
ordinary induction motor with its heavy overload 
torque, and in spite of a low frequency alter? 
nating current being superimposed on the D.C. 
exciter armature there is no tendency for the 
latter to spark at the brushes as the RMS value 
of the resultant current is less than the full rated 
output as a D.C. machine. On account of the 
conditions obtaining the current circulating thro? 
ugh the exciter armature windings gives rise to 
a fluctuating torque about ten times larger than 
the normal torque in the exciter due to the 
swinging when the machine falls out of step. 
Special precautions are therefore taken in desig? 
ning the exciter to guard against mechanical or 
electrical damage brought about by the necessarily 
severe stresses which come into play under the 
conditions mentioned above. 

Autosynchronous machines are built in nu? 
merous sizes, the general demand being between 
the limits of 100 HP and 1500 HP. At the 
Waterworks of Edmonton Corporation, Canada, 
two autosynchronous motors were installed each 
having an output of 850 BHP at 900 r. p. m.: 
they were designed for a leading power factor 
of 0.8 when working on a threephase, 2200 volt, 



Fig. 18. Autosynchronous motor 450 HP, 3000 volts, 167 r. p. m., 50 cycles. 
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60 cycles circuit. Under these conditions the 
guaranteed efficiencies were: 

Full load 8/4 load Vs had 

93 ^ 91 . 7 ^ 88 ^ 

The efficiencies ascertained on test includine 
the losses in the exciter were: 

Full load »/4 had ‘.'a had 

94 . 5 ^^ 93 . 6 ^ 91 . 9 ^ 

Running as a synchronous motor with excis 
tehon corresponding to leading power factor 0.8, 

HP ^ overload up to 1100 

HP when it pulled out of step, continued to 
run as an ordinary induction motor and as such 
^eloped a maximum overload up to 2500 HP. 

lu reduced to its normal 

value the motor automatically pulled into step 
and continued to run in synchronism. The 

shffrin^TK excitation was obtained by 

shifting the brushes on the exciter which in this 
case was wound as a series machine. In this 
manner resistance losses in the field circuit or 
m the mam circuit of the exciter are avoided 
The exciters selected for these machines were 
“”“c“sions and by over«exciting the 
i..U as a synchronous mafhine 

“creased to 1400 HP without the 
machine falling out of step. 


Motors of this description are particularly weU 

Tn compressors in 

Collieries. Although in the case of Air Corns 

KT 11 ^^ Ffat frequent intervals 
from fuU load to 10^ or 15^ of full load, 
the leadmg component of the current supplied 
by the motor is available in spite ofthesVload 
variations. 

In applying this class of machine for power 
factor comction it should be remembered that 
the magnitude of the component of leading or 
ag^ng current and the watt component (in other 
words the total ciment), stand in very different 
proportion to each other at different values of 
the power factor. The wattless component and 
component can be expressed in 
vanous power factors on the assumption 
that the watt component remains constant. It will 
e understood that a much larger leading corns 
ponent is required to correct the power factor 
from 0.9 to 1.0 than is required from O.s to O .9 
or from 0.7 to O.a. It will also be noted that 
the resultant output in kVA exceeds the watt 
component by only about 10 ^ at power factor 
f’®' ihcreases ve^ rapidly at lower power 
factors. The size of the motor and consequently 
the cost, depends upon its kVA rating and from 
what IS said above it will be clear that in general 
e best plan is to make use of autosynchronous 
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motors for leading power factors not less than 
0.7. (Induction motors designed for the same 
output would for moderate size machines have 
^ lagging power factor of about O.ss.) If for the 
autosynchronous motor we select a leading power 
factor of 0.75 the machine would be roughly 12^ 
larger and consequently more expensive. The 
cost of the^ exciter which is quite an important 
item further adds to the price, as does also the 
special design of the machine which is required 
to obtain the synchronous feature whilst retaining 
the characteristics of the induction type. To roughly 
estimate the amount of correction obtainable by 
a given motor, it might be an advantage to 
remember that at a leading power factor of 0.7 
the leading component of current produced ex^ 
pressed in kVA is denoted by the same figure 
which gives the output of the motor in kW. 
A 650 HP autosynchronous motor with an 
output of 480 kW would consequently at 0.7 
power factor give a leading component of 480 


kVA and would reduce the total lagging coma 
ponent of the system by this amount. If the power 
factor is larger than 0.7 the leading component 
decreases and is easily obtained by calculation 
or by the graphic method. 

The trouble arising from a poor power factor 
is the overloading of transformers and feeders, 
due to the excessive lagging currents; or more 
frequently, particularly in Colliery installations 
or in power plants which have a large number 
of intermittently working motors with fluctuating 
loads, to the current carrying capacity of the 
generators to such an extent that it becomes 
impossible to utilise the full capacity of the prime 
mover whether turbine or steam engine. In such 
cases the installation of autosynchronous motors 
of suitable size may save a large amount of 
money, in spite of the fact that they are 25 
— 40 ^ dearer than the ordinary induction motor. 
To illustrate this by an example, assume that 
the load on a given power station is 1000 kW 
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at a power factor of 0.6 or 1670 kVA. It is 
proposed to add to this power station a further 
load of 500 kW, If this load consists of ordis^ 
nary induction motors with a power factor of O.s, 
the resultant load after the addition would be 
2295 kVA with a power factor of O.ess. If, on 
the other hand, autosynchronous motors with a 
leading power factor of 0.7 are used, the resultant 
load on the power station would be 1700 kVA, 
with a power factor of 0.88. In other words, this 
load could be added in autosynchronous motors 
without appreciably increasing the kVA output 


of the station and if, as is often the case in 
generating stations installed six years or more 
ago, the same plant is sufficient to carry the 
increased load, the existing plant could carry the 
increased output if autosynchronous motors are 
employed, whereas with induction motors an 
extension of the power station would be nrifi 
avoidable. 

Figs. 18, 19, 20 and 21 show the general 
appearance of Autosynchronous Motors, their 
leading characteristics being given in the respec;« 
tive titles of the illustrations. 



Fig. 21. Autosynchronous motor 500 HP, 490 volts, 225 r. p. m., 60 cycles. 
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allmanna svenska elektriska aktiebolaget 

OR IN ENGLISH 

the SWEDISH GENERAL ELECTRIC LIMITED 


was 

o a great extent upon the epoch making 
d«co«ms m A, appUeaUons of alactriattf 
7.. Swedish Engineer Jonas Wen^ 

capital of the company was onlv 

Kr. 84.000 (about £5.000) and smill prem£ 

w. „„,ad to Aa town of Arboga, sS S 
erve as workshops. By comparison with the 

K?”enWd™’ company could hardly 

ave enjoyed a more modest existance at the 
commencement During the first two years the 
ou^ut was only fifteen machines, and tL largest 
built was of about 20 HP. Although Se Ee 
undertaking many times looked 
y gloomy, a state of affairs to which the 

riMr?tmthr‘^“ contributed not 

ahead, si that 

time after time additions had to be made to 
the rented workshops. The size of the plant, 

ylilsV Ae® machines increased and il the 
year 1890 the first machines of 100 HP was 
turned out. « aal was 


In 1890 a reorganisation took place; the share 
capital was increased to Kr. 500.000 f£ 30 0001 
and It was decided to transfer the scene ^ 
operations to the town of Vesteras, which since 

that time has become the hub of the electrical 
industry in Sweden. ciectricai 

i IsWork in the new shops was soon under 

SJ'kW r"' “^chines totalling 

1 500% the second year 85 totallin| 

I.jOO kw, were manufactured. ° 

The facilities existing at that time for the 
manufacture of large machines are not however 
comparable with those which can be commanded 
at the present day, while, owing to the general 
waterfalls, the demfnd for 

also to ensure 

toat there should be no handicap to its manu^ 
factures ranking among the very best, the company 
determined to possess shops of the most ^ to 
date character. A large part of the older Xks 
buildings were accordingly demolished and more 
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Fig. 2. Part of Asea’s works for small and medium sized machines and foundries in Vesteras. 


modern shops erected in their stead. As a result 
it can be said with conviction that the company’s 
present chief factory, used for the production 
of small and medium sized machines, the so 
called ’Mimer Works’, is one of the most up to 
date which can be found in the whole of Europe. 

The shops for the production of large elecs^ 
trical machines have been about quadrupled 
since the beginning of 1900. 

In the buildings thus newly acquired, the 
most modern and timesaving machine tools were 
installed at the outset. Particular care has been 
taken to see that these tools are kept in perfect 
order and replaced by newer patterns as soon 
as they become obsolete. Automatic and semi^ 
automatic machines are used to as great and 
extent as possible to economise skilled manual 
labour. A secondar result of this policy has 
been a considerably increased output. 

The resources of the mechanical departments 
have also been increased to a great extent. 
There has been a continual increase in the use 
of electric power in different systems of transport, 
such as trams, railways, also cranes, lifts, 
verses, ships winches, etc. Partly to insure 
itself in respect to deliveries of various necessary 
adjuncts to its electrical manufactures, and partly 
to increase its alhround capability, Asea has 
taken up the production of such material to a 
considerable extent. 

In order to be as far as possible independent 
with regard to the supply of the manifold 


insulating materials which are used in the elec^ 
trical industry, the quality of which is of para** 
mount importance to the reliability of the finished 
product, the Company started its own insulation 
works. 

It had meanwhile become clear, for many 
good reasons, that the company’s extending 
engineering work and yearly increasing parallel 
activities could no longer be adequately dealt 
with in Vesteras alone. 

The manufacture of transformers and apparatus 
was accordingly transferred in 1916, to ex** 
tensive and specially modernised shops, situated 
in the town of Ludvika, lying about seventy 
miles to the north of Vesteras. 

Not only does Asea own these electrical 
shops in Vesteras and Ludvika, but has also 
absorbed one of Sweden’s most important irons* 
works with the mines *and blastfurnaces appers* 
taining thereto, and which, by the side of their 
former manufacturing lines, now supply the special 
material covering the wide field of Asea’s 
requirements. Thus the safe arrival of supplies 
of another important raw material of dependable 
quality has been secured — a factor naturally 
of considerable import to the quality of the 
finished product. All material, as it is received 
for use, becomes the object of searching examis* 
nation in the Asea laboratories. 

During the years 1916—'1919 the company’s 
great administrative building was erected in 
Vesteras, consisting of five floors, of which four 






Fig. 3. The head office in Vesteras. 


TKi with a semi=:bascment below, 

a Inn ’ provides a total floor space of 
+K accomodation for 

the offices m the upper stories, the basement 
uses the records, and a museum, in which 
are preserved specimens of the older machine 
pes etc., — a collection which is already of 
the greatest interest. ^ 

of electric motors, which 
was initually undertaken, Asea’s manufactures 
have gradually developed until they now er^' 
brace practically every article on the electrical 


market, from switches and fuses up to giant 
generators of 25 OOOkVA. and plants for hun<£eds 
ot thousands of horsepower. Asea’s main activity 
IS, nevertheless the making of electrical machines, 
X of electric plant of all kinds. 

Without going into too great detail it is proposed 
in the following pages to give some particulars, 
which It is hoped will be of interest, regarding 
the Asea m^ufactures. For the sake of lucidity 
we shall follow the different machine types and 
begin with the generators. ^ " 

Asea constructs generators for direct coupling 
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Fig. 4. The »Mimer» works for small and medium sized machines. 


to every kind of prime^mover, from the slowest in sizes from 1.000 kW at 500 RPM down to 
running water turbine to the fastest steam turbine. Q. 2 a kW, 2.200 RPM and special machines of 
The smallest of these ate continuous current every common size in addition, 
generators of 25 kW, and the largest water It is, however, not in general of DC ma« 
^Aine driven threes*phase generators of 30.000 chines that one thinks when one* speaks of 
HP and over. The first machines made by Asea Asea generators, but rather of AC generators, 
were continuous current generators and these The construction of this class of machine is also 
Mve always been an important branch of one of Asea’s oldest specialities. Based, like the 
the work carried on. A pioneer, in some respects, DC machine manufacture, upon a patent of 
in this quarter, with its first machines Asea has Wenstrom, they had as long ago as 1890 taken 
steadily maintained this manufacture on a high a significant place beside the other branches of 
level, and now constructs standardised maclfines construction and with the general adoption of 
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Fig. 7. Interior of one of ^he workshops in Asea*s factory for large machines. 


these machines, now embrace all sizes, from 

7.500 kVA at 150 RPM down to 3.5 kVA at 

1.500 RPM and 50 cycles. From between these 
limits it is possible to select the most suitable 
size for any ordinary installation. General aU 
tention was soon drawn to Asea’s generators. 


chiefly on account of the giant machines which 
were from time to time constructed concurrently 
with the standard units. 

Also Asea carried off the world’s record for 
large generators in 1907, with four machines 
each of 10.500 kVA for Svaelgfos power station 


mm ms m 












Fig. 9. The mechanical department in Asea’s factory for small machines. 


repeated this achievement in 
1915 with six three^^phase generators for the 
Rjukanfos station, each of 18.900 kVA. 

Later noteworthy examples of generator ma^ 
nufacture are three machines, two for 22.000kVA 
and one for 24.000 kVA supplied to the Nor« 
^fSian Government for the power station at 
Glomfjord. All these big machines are driven 
y water turbines. A large number of power 


stations in all parts of the world are equipped 
with Asea generators. 

important link in the chain between 
machines for generating electricity and those 
tor making use of it is supplied by the transs* 
former. Asea’s production of this apparatus has 
mways kept pace with the other manufactures. 
Standard transformers are built in all sizes from 
11 to 5.000 kVA at 50 cycles and to 3.000 kVA 



Fig. 10. Twting room for small motors. 
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Fig. 11. Interior of one of the workshops in Asen’s factories at Ludvika. 


at 25 cycles for all common voltages, but, at 
the same time, a large number of transformers 
have been made for special service, transformers 
for use with electric furnaces being especially 
worthy of mention. Of other kinds also, a 
number of particularly interesting examples have 
been designed and built. Among these are 
two core type three^sphase transformers for out;* 
door use each of 20.000 kVA and moSoAo-wo 


volts supplied to the Swedish State Waterfalls 
Board. 

As in the case of generators, the manufacture 
of motors was at first confined to DC machines 
and Asea’s No. 1 machine was a little DC motor. 
Now, these are built in standard sizes, from 
0.25 HP at 1.500 RPM up to 1.400 HP at 500 RPM, 
besides special motors of all sizes. Of late years 
great attention has been given to large mine« 



Fig. 12. Manufacturing railway and tramcar hbdies at Asea’s mechanical works. 
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Fig. 13. Some completed transformers ready for despatch from 
at Walthamstow, London. 

hoist equipments consisting of motor^^generator 
sets and big, slowsfrunning, reversible winding 
motors, and also plants designed on the same 
principle for the electric drive of reversible 
rolling mills. An example of this last type of 
motor which is worthy of special note is one 
supplied to Domnarvet Iron Works, which is 
capable of a maximum output of 9.200 HP at 
60—150 RPM. The construction of AC motors 
was taken up at the same time as generators 
for the same system, and at the present time 
synchronous motors in sizes from 0,26 HP at 
3.000 RPM to 2.500 HP at 250 RPM for 50 
cycles and from O .25 HP at 1.500 RPM to 
2.500 HP at 250 RPM for 25 cycles, are covered 
by the standard range. "Within 
these limits there is a very large ^ 
number of standard designs to 
choose from and in the case of 
the medium and small sizes a stock 
is maintained of the most com# 
monly demanded Asea types. 

Naturally, in this case also, the 
standard series does not nearly 
cover the output; but Asea maniu 
factures these machines for every 
required size and speed which it 
is possible to supply. A great 
niunber of very large three-phase 
motors have recently been turned 
out. The largest in Sweden is an 
induction motor which is conti¬ 
nuously rated for 4.300 HP at | 

295 RPM, 25 cycles and 3.000volts. ' 

Synchronous motors have also been r. u n,. 


supplied in great num¬ 
bers and for large horse¬ 
powers. The two largest 
are each of 5.000 k’VA, 
375 RPM, 10.000 volts, 
the one for 25, and 
the other for 50 cycles. 
The difficulty of starting 
synchronous motors has 
greatly militated against 
their general adoption. 
Asea builds these self¬ 
starting synchronous 
motors, at the present 
time, however, in medi¬ 
um sizes, which are 
suitable for installations 
where they can be 
started light or with 
only a small load. 

One of the chief 
s.G.E.’s .transformer works advantages which the 

synchronous motor has 
induction motor: the property of being 
able to be used for power-factor correction, is 
possessed also by the autosynchronous motor, 
which was patented by Asea in 1900. This 
ingenious invention makes possible a combination 
of the synchronous motor’s power-factor correcting 
attributes with the induction motor’s property of 
starting against torque, which can go up to 
several times normal without taking a larger 
current than that corresponding to the load. On 
account of these characteristics the autosyn*: 
^ronems motor has been very largely used, and 
Asea has delivered these machines to all parts 
of the world. 

Induction motors cannot be used with advanj^ 
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Fig. 14. The winding* department in S.G.E.’s factory .At Walthamstow, London. 
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tage when a large amount of speed regulation 
is required. If one excludes cascade coupling, 
•^®vices, by which means 
different speeds can certainly be advantageously 
used, and which have been used in a number 
of special cases; as for rolling mill drives etc., 
the ordinary three-phase motor does not l?nd 
itself to spSed regulation. To enable machinery 
to be driven at variable speeds within wide 
limits when a three phase supply is available 
Asea’s three-phase commutator motors are used, 
which are built for use on three-phase circuits 
in sizes from 3 HP at 500 RPM to 75 HP at 
700 RPM. The speed of these machines can be 
continuously regulated in the ratio of 1:3, practi¬ 
cally without increase in losses. 

For electric railway work, single-phase commu¬ 
tator motors are built for all sizes met with, the 
largest, so far, being the 1.000 HP motors furnished 
tor the locomotives of the Swedish State Railway 
in Lappland, the Riksgrans Railway. 

For running aU the different types of machines 
which have been described above, it is natural 
that an almost infinite variety of switchgear and 
instruments are required and no branch of this 
work is unknown in the Asea shops. All kinds 
of switchboards with their instruments and appa^^ 
ratus are continually going through. 

Of the immense variety of apparatus, every 
example of which is of importance in its own 
class, the oil switches are 
of particular interest. 

They are made in all 
sizes and for the most 
varied breaking capacities 
and working voltages. 

Attention may well be 
drawn, in this connection, 
to the excellent examples 
of this class of work 
supplied for the Untra 
power station in Sweden. 

These oil switches have 
a breaking capacity of 


300.000 kVA and the working voltage is 100.000. 

Turning now from the machines themselves 
to their sphere of action, it is perhaps in the 
wide domain of railway electrification that the 
greatest interest will be felt. 

Asea, by the electrification of the Riksgrans 
Railway, as well as a number of other lines, and 
Sweden, Norway, Denmark 
and Finland, has demonstrated its ability to supply 
complete installations, for the most diverse traffic 
consecrations, and to furnish them with the most 
suitable electrical machinery. The most favourable 
results have been obtained during the 10 yjears 
that the Riksgrans Railway has been running, very 
far exceeding the requirements of a very dif& 
cult specification, and the time the line has been 
in use has proved the suitability and wearing 
qualities of the electrical equipment under the 
most varying running conditions. 

Of the many other directions in which Asea 
has carried out much important and successful 
pioneer work, e. g. in the questions of electriss 
fication of iron works, or its contributions to 
the solution of electric drive problems in the 
timber, paper, sugar, and textile industries etc., 
space will not allow of more than mention. 

Side by side with the advancement effected 
in the quality and quantity of the manufactures, 
a. wide extension of the company’s selling orga^ 
nisation has gradually been undertaken. 

At the present time Asea 
has offices, subsidiary 
companies, and agents, 
in nearly all European 
countries, and in every 
other land where any 
outlet for the companies 
goods is to be antich 
pated. The subsidiary 
companies in Norway, 
England and Russia poss* 
sess factories of their own 
which work to Asea 
designs exclusivly. 



30 HP motor car in the stator of the 24.000 kVA 
three-phase generator fox the Norwegian Government 
power station at GiomQord. 


... .. 
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TYPE MK MOTORS. 


On the front page of this issue an induction 
motor of our new design, type MK, is introduced 
to our readers. This new motor type covers normal 

threes^phase ins» 
ductionmotors 
from Y 4 to 
80 HP. The 
most characters 
ristical feature 
for this new 
motor being 
the method of 
protection, 
which makes 
it possible to 
install the mor* 
tor in practical:^ 
ly any locality. 

Fig. 1. Small thre&.phase motor type MK, In the design 

form B, with squirrel cage rotor. of the MKr* 

^ , motor has been 

incorporated the , whole of Asea’s previous 
experience in induction motor designs, as well 
as the desires of the different customers as far 
as^these could be amalgamated in one design. 

The type MK motors are normally of the 
open protected type, form B (fig. 1 ) but 
It can easily be transformed into a ’drip;= 
proof form E (fig. 2) pipe.ventilated form 

ra ^ totally enclosed form Q 

(fig. 4j motor. ^ 

As the sliprings are totally enclosed out. 
side the front bearing bracket, the motors 

f f^ places where 

there is fire^risk from dust etc., as in wood, 
working sh^ops, but this design has also the 
advantage of shortening 
the length of free^^shaft 
between bearings and 
thus diminishing the 
risk of fouling between 
stator and rotor. For 
fiery mines a special 
slipringenclosure(fig.5) 
is designed; this design 
will be treated later on 
in a special article. Vei^ 
tical motors can be had 
in the different forms 
indicated above for di? 
rect coupling or for belts: 
drive, with or without 
third bearing (fig. 7 ). 

When designing these 
motors, two questions 
especially were studied 3 . Th„..pha.i „otox m-. m) 


for a long time before a final decision was 
made, namely: those of bearings and ventilation. 

The small and medium size of three:?phase 
motors usually 
gets very little care 
and attention, 
especially when 
installed in agri#: 
cultural developer 
ments, mines, steel 
mills etc. As the 
air gap on induces 
tion motors is ges: 
nerally small, it 
is of the utmost 
importance to see 
that the bearings 
will not wear; if 
possible, even 
when the lubri. 
cation is not regus: 

larly inspected. We have in the ball bearing such a 
design which will run practically without wearing 
and with lubrication just sufficient to avoid rust in 
the balls and races. On the other hand the use of 
ball bearings has become very popular with the 
motor car and the Skefko, (Skayef) and other 
standard ball bearings can be had almost all over 
the world so that no difficulties should be encoun. 
tered, should spare bearings become necessary. 

This question was thus reduced to one of 
price as the manufacturing cost of a motor with 
ball bearings will be 8—5 ^ higher, dependent 
on size, than for a motor with babitted bushings. 

Having considered the advantages of practi. 
cally no wear and, therefore, no danger of 

rubbing between the 
stator and the rotor, — 
which accident'kusually 
gives occassion for re. 
winding, — the possib. 
ility of making the bear, 
ings absolutely dust, 
proof, as well as the ad. 
vantage to the users in 
the reduction of friction 
losses, lower repair costs 
of bearings and less 
worryaboutlubrication, 
we decided to adopt ball 
bearings for the whole 
series of MK motors. 
Further, it was decided 
to make the ball beaming 
on the shaft.end side 

C, fonn P, with slipring rotor. of the motOr of SUch 


MK, form P, with sHpring rotor. 










Fig. 4. Three-phase motor type MK, form Q^, with slipring rotor. 

dimensions as to enable it to be exchanged with 
a standard roller bearing, should the requires? 
ments of the service expected of the motor 
necessitate such a change. 

Later developements of the bearing question 
for electric motors have shown the advisability 
of this choice of design, as we note a recent 
decision (Sept. 1923) of the Committee on 
Bearings of the Association of Iron 6< Steel 
Electrical Engineers in America after a joint 
meeting with the Power Club (Association of 
American Electrical Manufacturers), to standard? 
dize on ball and roller bearings for steels?mill 
motors and to choose the dimensions of the ball 
bearings so as to comply with the above indicated 
possibility, viz: their exchange for roller bearings. 

In the justification given for this decision, 
the above mentioned Association of Engineers 
points out, that only a relatively small class of 
users of motors do not believe in ball or roller 
bearings, as they only use motors for relatively 
easy work or else do not know the real cause 
of their motor failures. The majority of users 
either have already used ball or roller bearings 
or believe in them, and only wait for the stan^ 
dardisation of the ballbearing motor. 

There are two methods for ventilating an 
electric motor, viz: the radial, — where the air 
enters in the centre of the rotor and is cons? 
ducted through radial vents in the core through 
the rotor and stator to the outside, — and the 
axial method of ventilation, — where the dis? 
rection. of air flow is parallel with the shaft 
through the rotor and the stator. In this case 
a special fan is necessary for the air motion. 

The first method is the older one and is still 
extensively used tos^day but is specially adapted 
for large motors where the distance between 
the slots, (the thickness of the teeth), are rela:? 


tively large. For small motors this design does 
not give good results, due to the narrow spaces 
between the slots in the rotor and in the stator, 
which are easily clogged up by dust and grit. 
Therefore, a small motor with radial ventilation 
ducts which just complies with the regulation 
concerning temperature rise when it leaves the 
factory, will very soon overheat in service due 
to the alteration of its fanning action. 

The second method is the more scientific one^ 
as the heat conductivity of a sheet iron core is 
more than ten times as high in the direction of 
the laminations as it is perpendicular to them. 
Further, there are no tiny holes for the air to 
pass out, but large canals easily cleaned from 
the dust that may eventually adhere to the 
surfaces. This accumulation will be much less 
if the fan, as in the type MK motor, is adaps? 
ted to create a vacuum in the motor as soon 
as it is started in order to draw out all dust which 
has accumulated while the motor has been idle. 

As an example and to illustrate the difference 
between the two methods, we may quote one 
experience made with both methods before defi;® 
nitely adopting the axial method for the MK 
motors. Two open type motors of practically the 
same output, — one with the old radial ventis? 
lation and the other of the axial type, — were 
installed in the dustiest part of our foundry, 2 . e., 
the sand preparation plant and fettling shop. After 
eight months service the two motors were re^ 
moved and tested, then taken apart and inspecs? 
ted. The test showed that the first motor had an 
increased temperature rise of about 8° C, where:? 
as the MK motor did not show any measurable 
change. An inspection of the motors showed 



•Fig. 5. Three-phase motor type MK, form B, with explosion proof 
enclosed sliprings'. 
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the cause for this. The first motor had all its 
vents clogged up and it was almost impossible 
to clean it properly without injuring the winding. 
The second motor was also full of dirt, but it 
had accumulated in the lower part of the carcase 
and on the front end of the windings: on the core 

and the rear end of the windings the strong current 

of -air does not allow the dust to accumulate. 

Another advantage of the axial ventilation with a 
fan was also determined at this test: viz. the absence 
of hofespots” and an evenly distributed tempera* 
ture throughout the motor with a fan. whereas the 
radidly ventilated motor, even when new, shows 
dedded ’’hot*spots” on the winding and the core. 

The only drawsback with the axial ventilation 
is the necessity of having a special fan for the 
ventilation, as the customers only consider the fan 
measure. This is only a prejudice 
which has its origin in the fact that unscrupulous 
™^"®^frirefs used to add a fan on motors with 
radial ventilation when the particular motor did 
^t keep the guarantees as to temperature rise. 
Thus a motor with a fan has become the 
synonym for an illiberally dimensioned motor. 

Further, these fans were designed in a hap* 
hazard way, almost entirely of tin*plate like 
Nuremberg toys, and a little rough handling 
of the rotor deformed or destroyed them. 

j-cc handicap, and knowing the 

ditfaculties we would have to contend with in 
changing the opinion about motors specially deo 
signed with fans, we adopted the axial method of 
ventilation; convinced that sooner or later the ad* 
vaniagt of this excellent design would be aclmow* 
ledged and our costomers just as satisfied with it as 
we were ourselves after the very extensive tests 
undertaken before definitely adopting it. 
The dze of the fan we adopted is not much 
larger than the sum of the vents in a radially 
ventilated machine. The efficiency is very much 
superior to the vents in the core. The canals in the 
rotor and stator are much larger and straighter 




Fig. 6. Small three-phase motor type MK. form B, with slipring rotor. 


and can be very easily cleaned, 
should the necessity arise. 

Its mechanical construction 
is also very rigid. A fan con^ 
sisting of No. 14 steehplates 
is rivetted on a casts^iron hub 
by a large number of heavy 
iron rivets. Each fan is ba^ 
lanced and has to stand aruns* 
away speed of 2—5 times the 
normal speed of the motor. 

Before this design was 
adopted, a fan of each type 
was continually reversed 
from 3,000 revs, in one di^^ 
rection to 3.000 revs, in the 
other. Furthermore, after 
more than 125.000 reversals, 
the fan was submitted to a 
runs»away speed of 4.500 

revs, per min., Z. e. about Vertical three-phase 

3 times the highest speed 
of the motor for which it was designed. The 
design was only definitely adopted when it 
was at last ascertained that the fan did not 
show any sign of deformation after test. 

For the above reasons we consider the ball 
bearings and the axial ventilation of the MK 
motors is a real achievement in motor design “ 
a step in the right direction to simplify and cheapen 
the care, and prolong the life of the motor. 

A great many experiments with other details 
were also made before their design was definitely 
settled. We would only mention such a detail 
as the short*circuiting device. Before the new 
actuating mechanism of this device was accepted, 
a test to determine the wear, (life), of this 
detail was undertaken. A mechanical device 
reproducing the manual operation of the short* 
circuiting lever was installed on a motor, and 
tlw sliprings were short*circuited and the brushes 
lined about 20.000 times—corresponding to about 
20 years of actual service before the mechanism 
was inspected. No appreciable wear was observed 

friction during this test. 

The design of the terminal arrangements of 
this type has been subject to special care and 
we can now offer oin customers a complete 
series of different forms of terminals namely: 
the standard type, only protected by a drip* 
proof cover, an arrangement for screwed conduit, 
the sealing*box for wire or strip armoured rubber 
or paper insulated cable, allowing the customer 
to connect the armoured cable direct to the 
primary and the slipring terminals. 

Further particulars regarding the sizes .etc., 
or these motors, can be found on consulting 
our ■price list No. XVI. i a. 
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Some Asea.«installations: 1. Sweden. 2. Norway. 3. Brazil. 4. Spain. 5. Russia. 6. France, 7. Canada. 8. Peru. 9. Japan. 

10. Belgium. II. Finland. 12. Mexico. 13. Norway, 












































Asea's head oi^ce and works in Vesteras, Sweden. 
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The rotor of a modern, 12,000 kVA Asea«»generator. 












18 


ASEA^JOURNAL 


ASEA ALT 

Asea can now look back upon more than 
30 years of AC generator construction. It is 
one of the oldest of the large electrical firms 
and its wide range of manufactures is based 
largely on its own inventions and patents. 

In 1890 Asea took up one of the inventions 
of its then Chief Engineer, J. Wenstrom, relating 
to the three phase system in which the AC 
generator — the three-phase alternator — con- 


11 a 



Fig. 1. The oldest three-phase generator with rotating armature. 


important factor. In the same year 
the first three-phase generator was built under 
this patent, and after the invention became 
generally known by starting the first com¬ 
mercial plant in 1893, the manufacture of AC 
generators rapidly increased. r‘ 

This manufacture comprised partly standard 
machines occupying places in a predetermined 
series of generators of from 3 to 125 kVA, 
at speeds in the neighbourhood ot 
600 r.p.m., and designed for periodicities of 60 



Fig. 2. Old type three-phase generator with rotating field magnets. 


or thereabouts, and partly special machines 
designed as regards size and general construction 
to meet the requirements of particular cases. 

The standard generators were all built with 
stationary field magnets and rotating armatures, 
but the special machines, in general of large 
size and for slow speeds, although they were 
first made in the same way were soon constructed 
with fixed armatures and rotating field magnets, 
the method which is still in general use. 

^Asea first used this method of construction 
in: 1896 in connection with a vertical shaft 
single phase generator for an output of 850 kVA. 
This was a very large machine. at that time and 
was probably the biggest of its kind in the 
world in these earlier days. 

From that time onwards all the large generators 
were built in a similar manner, while the'original 
construction was retained for the small machines. 



covered by the standard series, until 1901. In 
that year however, the original series was super« 
seded by a new one, the machines being con» 
structed with rotating magnets and fixed arma¬ 
tures, like the large generators. This marked the 
adoption of the same system of construction for 
the manufacture of all general sizes of generators, 
and the original construction was only retained 
for special machines when found for toy reason 
more suitable, and for machines of very small 
size. 

The rapid industrial development which took 
place in 1900, and in the years immedia^tely 
following, was responsible for some further 
changes in the manufacture of AC generators. 
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as a commencement was made in the construction 
of generators whose dimensions were more or 
less standardised. Larger machines were brought 
within the standard range and other generators, 
which on account of their special nature required 
some nonssstandard feature, or particular method 
of manufacture, were still wherever possible 
worked into the existing series of frame sizes, 
the essential changes being standardised for 
future use as they were encountered. The first 
series of small generators with rotating fields 
soon became to some extent replaced by a 
more modern series embodying a larger number 
of sizes and having a more thorough 
standardisation of dimensions. At 
the same time Asea’s output of 
special generators increased at an 
almost incredible rate during the 
period mentioned and culminated 
in the four 11,000 kVA generators 
which were built in 1909 for the 
Swedish Government. Two years 
earlier Asea had held the world’s 
record for three phase generators 
driven by water turbines with four 
generators of 10,500 kVA delivered 
to Svaelgfos Power Station. These 
noteworthy achievements have been 
outstripped in various directions 
by generators built by Asea in 
later years, as will be gathered 
from what follows, but they were 
of quite outstanding importance 
at the time they were built. 

In 1908 jthe first machines of 


the standard present day series 
of large generators were brought 
into the market and were followed 
in 1910 by the first small gene** 
rators of the same type, which 
are covered by to-day’s catalogues, 
p (Besides the construction of 
alternators direct coupled to rela:? 
tively slow running prime movers, 
or belt driven from them, Asea 
became at an early date interested 
in the construction of generators 
for direct coupling to steam tur:* 
bines. The first of these machines, 
which were built in 1903, were 
of a construction which has now 
been abandoned and turbo gene:* 
rators with cylindrical rotors soon 
after became standard practice for 
direct coupling to steam turbines 
running at 3,000 r.p.m. for 50 
cycles and 3,600 r.p.m., for 60 
cycles. Soon after the first gene;* 
rator of this type was built, in 1907, a standard 
series of similar generators was evolved. From 
1908 to 1915 machines were built in consider;* 
able numbers and several minor changes were 
made in the design; all the experience gained 
has been embodied in the present standard series, 
which was introduped in 1920. In 1907, 3,000 
r.p.m. turbo generators of 300 kVA were built. 
In 1911 Asea turned out generators for the 
same speed but for 4,350 kVA which held a 
place among the largest built anywhere at that 
time for 3,000 r.p.m. In 1915 this size was 
considerably exceeded and a generator was built 
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Fig. 6. Asea’s first 3,000 r.p.m. three-phase turbogenerator delivered in 1907. 


by Asea for 8,750 kVA, and at the same speed. 

It is natural that in meeting the very varied 
demands arising for alternators that periodicities 
have been encountered outside the usual range 
met with in commercial undertakings, and gene^j 
rators with unusually high and low frequencies 
have been. built. In these days of wireless 
development it is of interest to recall that Asea, 
as long ago as 1904, supplied a considerable 
number of generators for Marconi’s installations. 

The present range 
of alternators manu^ 
factured by Asea in^ 
eludes standard ge^ 
nerators of ordinary 
types with horiss 
zontal and vertical 
shaft for direct con^ 
necting to relatively 
slow running prime 
movers, standard 
turbo generators for direct coupling to steam 
turbines, small high speed alternators which are 
standardised with rotating armatures, as are also 
the modern radio alternators, and special ma^ 
chines of any required type. 

The ordinary standard machines with horizontal 
shaft, whose construction was begun in 1908 
and 1910 respectively, 
are still coyered by two 
series, although various 
details have been als* 
tered or improved 
in recent years. One 
of these series em:« 
braces about 20 frame 
sizes all designed with 
end shield bearings 
and the other about 
60 diflEerent frame sizes 
which have pedestal 
bearings. 

The series of ma;^ 


chines with end shield bearings can be built for 
speeds from 1,500 r.p.m to 250 r.p.m. with a 
frequency of 50 cycles and for standard outputs 
from 17.5 kVA at 1,500 r.p.m. to 750 kVA at 
750 r.p.m. These machines are all normally 
of open type, but can be semi^enclosed if this 
is desired. They have, generally speaking, direct 
connected exciters, the field magnets of which 
are mounted on the generator end shield and 
the armatures carried on the generator’s ex^ 
tended shaft end. The exciters are not pros* 
vided with separate bearings of their own. 
These machines are designed for 50 cycles, 
but they can be used without any alteration in 
the standard dimensions for frequencies from 
25 to 60 and are so designed that the larger 
machines can be insulated for all pressures 
generally in use up to 6,600 volts three phase, 
the windings being star connected, while the 
upper voltage limit for the smallest machines 
is 3,000 volts. As experience has shown that 
machines of this kind are usually only required 
in three different arrangements the standard 
product has been confined to these three arrans* 
gements only. The most common is the two 
bearing arrangement with free shaft end and 
without bedplate, which is used in most cases 
for direct connection or belt drive from the 



Fig. 8, Rotor for turbogenerator 8,750 kVA, 3,000 r.p.m, built in 1915. ’ 



Fig. 7. 500 kVA, 375 r.p.m., 2,000 volts 
single-phase generator for a wireless 
telegraph station. 
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Fig, 9. Small three-phase generator oF the modem end shield bearing 
series, with direct coupled exciter and pulley. 

prime mover used. The next most in demand 
is the three bearing arrangement used for belt 
and rope drive when the pulley is of such 
dimensions that it cannot be carried in a satisf 
factory manner on the free shaft end of the 
first arrangement referred to. Lastly there is the 
arrangement with one bearing, shaft with half 
coupling and no bedplate, which is used when 
the driving motor is provided with a bedplate 
which is extended to carry the generator also. 

On account of the extent to which standardise 
sation of these machines has been found necessary 
it is not considered advisable, having regard to 
price and delivery time to furnish these machines 
with more than one definite flywheel effect, 
which has in any case a small value and when 
a larger moment of inertia is required this can 
be met by making use of a separate flywheel. 

All machines in the series can be supplied 
equally well horizontal or vertical and in the 
latter case are provided with an upper bearing 
bracket which carries the combined supporting 


and guide bearing in addition to the exciter, 
and a lower bracket in which is mounted a 
lower guide bearing. The driving motor can be 
rigidly coupled to the generator shaft, the 
rotating weight being carried by the generator’s 
supporting bearing, or it can be supported by 
its own bearing and coupled to the generator 
through a flexible coupling. 

As any synchronous generator can also be 
used as a motor the generators described above 
are applicable when synchronous motors of 
similar outputs, 
speeds, etc. are 
wanted. When 
built as synss 
chronous mofi 
tors they can 
be made self^ 
starting withfi 
out any con^ 
siderable in^ 
crease in price, 
provided they 
can be started 
light or against 
reduced tor»* 
que, Suchmo:* 
tors are very 
satisfactory for 
running many 
kinds of mas* 
chinery and 

a left Three-phase vertical generator of the 

' ^ - - modern end shield bearing series designed wiA 

particularly thrust bearing, upper and lower guide-bearing 

suitable for 

power factor correction both with and without 
mechanical load. The power factor problem has 
recently become very acute in most distribution 
systems and as a result Asea has delivered a 
considerable number of selfcstarting synchronous 
motors of this kind in the last few years. 

The larger generators with pedestal 
bearings are built for outputs varying from 
160 kVA at 375 r.p.m. to 7,500 kVA at 
150 r.p.m., the highest standard speed being 
750 r.p.m. at 50 cycles, and the lowest 
94 r.p.m.. The series can be used without 
alteration for frequencies varying from 
40 to 60 at corresponding speeds. They 
are so designed that the larger sizes can 
be Wound for voltages up to 11,000 and 
the smaller sizes up to 6,600, three phase 
star connected. 

As these machines have to meet con:* 
ditions of widely varying character they 
are designed so that they can be easily 
constructed in many different forms. They 
are normally of open type, but can all 



Fig. 10. Three-phase generator of the modern end shield bearing* series, medium 
sized, ’^Ith direct coupled exciter, pulley and third bearing. 
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limits. Only in the 
case of the smallest 
types when designed 
for the higher speeds 
is it possible to supply 
only * one flywheel 
effect. At other speeds 
even for ‘these types 
considerable varia^ 
tions are possible. 
This is brought about 
partly by suitably 
changing the dimenss 
sions of the rim 
of the field magnet 
wheel, and when the 
required momentum 
can no longer be 
embodied in this, by 
adding one or two 
side rings, which are 
carried by the magnet 
wheel and do not 
require separate boss^ 
es. Other methods of construction can also be 
used when extra large flywheel effects are 
required without making it necessary to depart 
from the standard dimensions. 

Most of the machines belonging to this series 
are arranged for direct coupling to various driving 
motors. To suit the inherent characteristics of 
the driving motor there are several standard 


Fig, 12. 500 kVA motor generator set 500 r.p.m., 50 cycles consisting of selfstarting synchronous 
motor with exciter and direct current generator. 

be supplied semi^senclosed or totally enclosed. 

In the former case they are provided with covers 
which only hinders the ventilation' to a very 
small extent and allows circulation of air between 
the machine and the machine room. In the latter 
case the covers and stator frame are so con^ 
structed that the air inside the machine and in 
the machine room do not, in general, come into 
contact. Cooling air must accords 
ingly be brought to the machine 
through special air ducts con^ 
structed in the building and the 
heated air let out in a similar 
manner. These machines have as a 
rule,, two bearings, shaft with free 
end or forged flange, and bedplate. 

The exciters are. overhung as in the 
end shield bearing generators, but 
the ,magnet frames are in most cases 
carried upon an extension of the 
bedplate beyond the.outer bearing. 

Besides the usual standard arran^^ 
gement a large number of other 
arrangements are in use, for exs* 
ample, machines without one or 
both of the bearings, without bed:^ 
plate, and even without shaft, in 
which case these parts are supplied 
by the makers of the prime mover. 

It is not only. possible to vary 
the form and arrangement of these 
machines, but also the flywheel 
effect embodied in the rotors* 
which can be altered within wide Fig. I3. Stadarf open type generator with pedestal bearing. 










ASEA^JOURNAL 


23 


constructions 
for generators, 
for example if 
they are re:^ 
quired for 
direct coup:* 
ling to gas 
engines whicTi 
have low run 
away speeds, 
or to modern 
water turbines 
which have 
high run away 
speeds.Again 
with the large 
generators 
now required 
it is not pos:* 
sible, except 
in the case of 
some end 
shield bearing machines, to count on being able 


Fig. 14. Modern semixenclosed generator with pedestal bearings. 


made to gauge and template. As 



to transport 
them com:? 
pletely erects^ 
ed from fac^ 
tory to power 
station. They 
are accords^ 
inglymade in 
such a man^ 
ner that they 
can be dis«» 
mantled for 
transport and 
also taken 
apart for in?« 
spection and 
necessary re:« 
pairs with a 
minimum of 
trouble, all 
parts being 
carefully 
in the case of 



Fig. 15. Modern totally enclosed generator designed for 12,000 kVA, 107 r.p.m., 50 cycles, 12,000 volts, 
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Fij. 16. 1,100 kVA tbt^phase generator 750 r.p.m., SO cvcl( 
3,000 volts, for Belgian Congo. ^ 


the smaller series referred to above all gene? 
rators belonging to the larger series can be 
provided with vertical shaft. They are normally 
provided in this case with combined supporting 
and guide bearing and upper bracket which also 
carries the direct coupled exciter, if one is used, 
The upper bracket and supporting bearing can 
also be made sufficiently strong to support the 
rotating parts of a water turbine and also any 
unbalanced water pressure. The turbine is then 
rigidly coupled to the generator shaft and 
rei^uires only a suitable- number of guide bearings. 

The machines belonging to the larger series 
can also be used as synchronous motors, the 
smaller sizes being started as previously described. 
The larger types usually run up to speed with a 
starting motor or auto?transformer starter so as to 
avoid heavy disturbance on the power net work. 

The turbo generators which Asea now builds 



belong to a series covering 20 sizes and are 
designed with outputs from 160 to 12,500 kVA 
at 50 cycles and 3,000 r.p.m. They can at the 
same time be used for frequencies as low as 
40 and, with the exception of the largest sizes, 
also up to 60 with corresponding speeds. The 
largest size can be supplied for any voltage up 
to 11,000 three phase star connected and for 
the smallest the upper limit has been placed at 
3,300 Volts, All turbo generators are made 
totally enclosed, the ventilating openings having 
flanges for connection to the power station 
cooling air ducts. As regards arrangement they 
have been standardised with two bearings and 
without bedplate. The bearings’ housings are 
cast in one piece with the end covers which 
protect the windings and in this way the bearings 
are set very close together, which is a marked 
advantage both in respect of space requirements, 
and of the critical speed of the rotor. Ventila? 
tion which is' an important problem in these 
machines is arranged on the axial system, which 



offers the most satisfactory result in the circula? 

cooling air through the machine. 
This is done by a fan mounted upon the shaft 
and so proportioned as to be capable of disposing 
the cooling air through the different parts of 
the machine where it absorbs the generated heat. 

The two pole rotor is of the “parallel slot'* 
type which allows a simple and at the same 
time particularly practical accomodation of the 
held winding, which can be permanently embed? 
ded during manufacture in such a manner as 
to prevent any displacement during subsequent 
running. The insulation of the rotor winding 
consists of absolutely fire proof material. The 
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machines can be supplied for separate excitation 
but as a rule are provided with a direct con? 
nected exciter. The exciter voltage has been 
standardised at 65 volts for the smaller ma:« 
chines and at 110 volts for the larger, but 
if there should be any particular reason justifying 
a change the largest machines can be designed 
for excitation at 220 volts. 

During the last few years in which machines 
of Asea’s new turbo series have been running 
abundant evidence has been forthcoming that all 
demands have been fulfilled, while 
on test their efficiencies have proved 
to be remarkably high. 

Of the standard generators mas 
nufactured by Asea it now only 
remains to mention the high speed 
generators with rotating armatures 
and fixed fields, and the generators 
for wireless telegraphy. The first 
are to all intents and purposes DC 
machines, which are provided with 
sliprings so that they can be used as 
AC generators, but have commutas* 
tors in addition and are selfiexciting. 

They are supplied however Without 
commutators when the exciting cur? 
rent can be supplied from an external 
source, or from a direct connected 
exciter* The standard outputs vary 
from 3.5 to 9.5 kVA at 1,500 r.p.m. 
and 50 cycles and 400 volts as a 
maximum. The arrangement is 
only with two bearings, free shaft 


end arid no bedplate and of stand?* 
ard open type. The last — the 
generators for wireless telegraphy 
— also have rotating armatures 
and fixed fields and are covered 
by a series of 20 sizes, for 2 
frequencies namely 500 and 1,000 
cycles at either 1,500 or 3,000 
r.p.m. The greatest output is at 
present 23 kVA at 1,500 r.p.m. 
or 3,000 r.p.m. and the smallest 
O.04 kVA at 3,000 r.p.m. and a 
frequency of 500. They are na:« 
turally single:*phase and are de¬ 
signed for any required voltage 
up to 220. The magnetising current 
is supplied from a separate source 
and is usually at 110 volts, though 
higher or lower voltages can be 
used. These generators are also 
supplied in the normal open con** 
struction having ball bearings, shaft 
with free end, and without bedplate. 
Owing to the rapid industrial deve** 
lopment which still continues it is natural that in 
time a standard series, originally perfectly satis** 
factory, becomes gradually unsuitable to meet 
changing requirements. Other reasons also make it 
necessary to depart from or to alter standards at 
times. As mentioned before, Asea’s present types 
have several times in recent years been revised 
and extended to meet advancing demands for a 
product up**to;*date in all respects. They also 
continually undergo improvement, such as by 
the adoption of newer methods of design and 
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Fig, 21. Modern turbogenerator 3,000 r.p.m., 50 cycles with end 
shield bearings and direct coupled exciter. 


calculation, improved materials of construction, 
and methods of machining etc., and these 
combine to ensure that the manufacture of 
generators is continually on the up grade. 

At the same time there is a definite limit 
beyond which standardisation is inadvisable and 
it is accordingly not always possible to select 
a suitable machine from the standard types to 
fulfil some special purpose. 

As in the early times which has been reviewed 
above, and before the modern standard series 
came into use, Asea built several special maj* 
chines departing from the earlier standard types 
and now continues to build a large number of 
machines which in some way or another vary 
from the modern standards. 

It is most usually the size of the machine 
which makes this departure advisable, but the 
reason may be the requirement of some special 
speed or frequency, voltage etc. for which the 
standard machines are not designed. 

It has been stated above that Asea held the 
world’s record in 1907 for large generators 
driven by water turbines, by the manufacture 
of generators for Svaelgfos Power Station. This 
achievement was later repeated in 1915 by the 
delivery of the 18,900 kVA generators to the 
Norwegian installation Rjukan II. More lately 
Asea has built still larger machines of the same 

kind and in 1918 delis* 
vered two generators 
of 22,000 kVA and in 
1920 one of 24,000 
kVA. These machines 
are not now the largest 
generators in the world 
built for hydro-electric 
developments, but are 
certainly the largest 
which have been cons* 
structed in Europe, 


The extension of the limits of speed between 
which prime movers can be constructed has 
naturally involved the building of suitable 
generators. On the upper limit are steam turbines 
and on the lower large gas engines and water 
turbines. For direct coupling to the last type of 
machines Asea is building at presenj: some genes* 
rators for an output of 10,000 kVA at 62.5 r.p.m. 
and also has in hand a number of generators 
for 8,750 kVA at 75 r.p.m. All these are to be 
manufactured in the vertical arrangement. 

In other directions also various noteworthy 
machines have been supplied by Asea. In 1915 
three single phase generators were supplied, 
each for a maximum output of 10,000 kVA at 
225 r.p.m., 15 cycles, 4,000 volts. These were 
for the Power Station which supplies the elec¬ 
trified railway connecting the Swedish iron ore 



Fig, 22. Modern turbogenerator 2,000 kVA, 3,600 r.p.m,, 60 cycles, 
2,300 volts, delivered to China. 


workings (at Gellivare and Kiruna) with the 
Atlantic ports, the most northerly electrified 
line in the world lying almost entirely above 
the Arctic Circle. These generators were for a 
long time the largest of their kind in the world. 

In 1903 a three phase generator was built 
by Asea for an output of 1,830 kVA and wound 
for 20,000 volts, and this machine, together 
with a duplicate which was delivered the year 
afterwards, is still in service after more than 
20 years. 

Practice in recent years however, has been in 
the direction of winding generators for lower 



Fig. 24. Modern Asea generator for wireless^telegraphy. 



Fig, 23. Modem type high speed 
generator with rotating armature 
and fixed field. 
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Fig. 25. 24,000 kVA threei*phase generatoi 300 r.p.m., 25 cycles, 15,000 volts for the Norwegian Government Power Station at Glomfjord. 


voltages, as this has been found most satiss* 
factory. The pressure can afterwards be stepped 
up in transformers to the voltages used in the 
present day overhead power lines. It has 
accordingly not been necessary to carry out 
any special researches in the direction of in;* 
sulating generators for exceedingly high voltages 
and for most of .the big generators built by 
Asea a pressure of 11,000 volts has not been 


exceeded. An exception was made in the case 
of the 22,000 and 24,000 kVA generators, which 
have been referred to, these being wound for 
15,000 volts. 

Another special requirement which should be 
noticed is that of large flywheel capacity.. In 
the case of internal combustion engines parti:^ 
cularly large flywheel capacity is necessary to 
obtain satisfactory working. Among the many 



Fig. 26. 3,400 kVA singlexphasc threenphase motor generator set, 300 i.p.m., 15/50 cycles, and 3,000/5,500 volts. 
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Fig. 27. Bearing bracket, stator and rotor in preparation for one of the three vertical three-phase generators each for 10,000 kVA, 
62.5 r.p.m., 25 cycles, 10,OCX)—11,000 volts, for the Swedish Government Power Station at Lilia £det. 


generators built for such service the most worthy 
of note are three of 1,300 kVA at 94 r.p.m. 
and 50 cycles which are designed with a flywheel 
capacity of 1,600,000 kgm* contained in their 
rotating magnetic field. 

In an abbreviated review such as has been 
given above it has not been possible to do 
great justice to all the different kinds of alters 
nators which Asea is able to manufacture. It 
will, however, have been made sufficient clear 


that with its present standard range of generators, 
based in all respects upon the best modern 
practice, and its equally noteworthy special 
generators, Asea is in a position to fornish the 
most suitable alternators for any installation that 
may be in question. 

Asea’s world wide experience from more 
than thirty years of supplying generators is 
without doubt its best guarantee of first class 
design and construction. 



Fig. 28. Top bearing and supporting arms for 10,000 kVA 
vertical thrce>pjhase generator. 
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CURRENT ILLUSTRATIONS. 



Transport of an Asea machine in Belgian Congo. 


Amongst Asea’s deliveries for foreign count?: 
ries, a couple of equipments for rather exotic 
territories are the most interesting ones at present. 

They are situated in places so far separated from 
each other as Katanga in Belgian Congo and Bom?* 
bay in India, the former comprising equipment 
for a large, new Cement 
Factory, the latter the 
electrification of not less 
than eight spinning mills. 

The African plant, the 
erection of which is now 
almostfinished,comprises 
2 threes^phase generators, 
each 1,100 kVA, 750 
r.p.m., 50 cycles, 3,000 
volts, with reinforced ixof 
sulation for tropical cli?* 
mate, 3 oil cooled three?* 
phase transformers, each 
550 kVA, 3,000/15,000 
volts, 3 ditto, each 550 
kVA, 15,000/550 volts, 
together with high and 
low tension switchgear. 

The Indian delivery 
consists of 314 threes 
phase motors with a total 
output of 17,592 h.p. in 
sizes varying from 3 to 
250b»p.per machine.The 
motors are executed part?* 
ly semi?*enclosed, partly 


for pipe ventilation, and a small number totally 
enclosed. The delivery also includes, complete 
switchgear for the high tension side, 22,000 volts, 
as well as for the low tension side, 450 volts, for all 
the eight spinning mills. The large quantity of 
switchgear supplied included no less than 89 oil 

circuit breakers, type HL, 
and 98 oil circuit breakers, 
type HO, for voltages 
from 11 to 20 kV and 
currents from 350 or 500 
amps.;further,287 current 
transformers, 408 discon?* 
necting links for currents 
up to 1,500 amps., and 
1,870 supporting insular 
tors from 3,3 to 6,6 and 
22 kV etc. 

Already during 1916— 
17 Asea delivered to the 
same firm two three?'phase 
generators, 700 and 1,250 
kVA resp., at 167 and 150 
resp., 50 cycles, 
460 volts, with built in 
flywheels. 

One of the illustrations 
shows the transport of a 
machine piece for the Ka?* 
tanga plant, and the other 
Asea’s Erecting Engineer 
with assistants in one of 
the Indian power stations. 



Asea’s erecting Engineer and assistants in Bombay, India. 











Asea's head oFHce and works in Vesteras, Swedeil. 


I ALLMANNA SVENSKA 
I ELEKTRISKA A.B. 


Head office: VESTERAS, SWEDEN 
Works: Vesteras and Ludvika 
Telegrams: Asea, Vesteras 



SWEDISH GENERAL I 
ELECTRIC LID | 

5, CHANCERY LANE, LONDON | 

Works: FulbourneRd.,Walthamstow 1 

Telegrams: Autosyncro, Fleet, London | 


OFFICES, ASSOCIATED COMPANIES AND AGENTS: 


ARGENTINA 

Compania Sudameridina SKF, 
Buenos Aires. Victoria 502. 


AUSTRALIA 

LTnbekaun &. Johnstone, Ltd., 
Perth, W: A. 

383/387 Murray Street. 

Unbehaun & Johnstone, Ltd., 
Adelaide. * 100 Currie Street. 

Thomas Bros. Pty, Ltd., .Melbourne, 
201/203 William Street. 

Australectric, Ltd,, 

Sydney. Wireless House, 

97 Clarence Street. 

Intercolonial Borinig Co. Ltd., 
Brisbane, 450/460 Ann Street, 

BELpIUM 

Soci6t6 Beige’d’Elecirtcit4 Asea, 
Bruxelles,. 21 Rue Gretry. 

BOLIVIA 

Graham, Rowe tx' Co., Oruro, 
Alianza 581. 


. BRAZIL 
Haupt Co., • 

Rio de Janeiro, Riia Sad. Pedro 50 
Sao .Paulo, Rua. da Boa Vista 50. 
Porto Alegre, Rua. 15 de 
Novembre 16. 


CANADA 

Swedish General Electric Ltd., 
Toronto, Ont., 107 Duke Street. 

CHILE 

Graham, Rowe & Co., 
Valparaiso, Cochrane 825. 
Santiago, Bandera 267—275. 
Antofagasta, San Martin 3^. 

CHINA 

Henry J. Moysey, Shanghai, 
Peking Road 64. 

DENMARK 

Eiektricitets Aktieselskabet Asea, 
Copenhagen K, Bredgade 45. 

ESTHONIA 

Linke, Martinson A Co., Reval,. 
Kinga tan 10. 

FINLAND 

Allmanna Elektriska Aktiebolaget 
i Finland. 

Helsingfors, Citypassagen. 
FRANCE 

Soci6t6 Franeaise d*£lectriclt6 Asea, 
Paris. 

Boulevard Haussmann 114. 
HOLLAND 

Groeneveld, van der Poll &, Co., 
Amsterdam, De Ruijterkade 41, 42. 


JAPAN = 

Gadelius & Co., M 

Tokyo, 41, Akashucho Tsukiji. = 

Kobe, 58 B, Naniwa machi. = 

Dairen, 45, Yu-ku, Satsumacho. S 

NEW ZEALAND | 

Turnbull & Jones, Wellington, = 

19, 21, 23 Blair Street. | 

NORWAY I 

A/S Per Kure, Norsk Motor* og = 

Dynamofabrik, E 

Christiania, Universiteisgate 24. E 

PERU I 

Graham, Rowe tx Co., Lima. = 

Villalta 282. | 

PORTUGAL I 

Jayme da Costa L:tda, Lisbon, E 

16 Rua dos Correeiros 26. ^ = 

E 

RUSSIA I 

Soci4t6 Russe d*Blectricit6 Acca, E 

Leningrad, Uliza Gogolja 7. E 

SbUTH*AFRICA | 

Reunert (k Lenz, Johannesburg. 1 

Consolidated Buildings. § 

SPAIN I 

Sodedad Espahola de Electriddad P 

Aseai B 

Madrid, Calle Montalban 13. = 


BESIDES REPRESENTATIVES IN: 

GREECE. INDIA, LATVIA, MEXICO, 


siiiiiiiiiiiiiiniuiiniiiiiiiiiiiiiii|iiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiriiiiiiiiiiiiiiiiHiiii(iiiiiiiiiiiiiuiiiiiniiiiMiiiiiiiuiniiiiiiiiiniijiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin|iiiiiiiiiiiiiiiiii|iiiii|iiiiiiiiiin 

Vesteras 1924, Westmanlands Allehanda Printine Co, 



ASEA-JO 



ALLMANNA SVENSKA 
ELEKTRISKA A.B. 

VESTERAS — S W EDEN 




A 



SWEDISH GENERAL 
ELECTRIC ltd 

6. CHANCERY LANE —LONDON 


AM correspondence should be addressed to the Editor. Publicity Dept. 
Asea. Vesteras. Sweden. 

Permission is given to reprint articles or extracts from this Journal, 
on condition that the name — Asea-Journal — Is clearly stated. 


1924 












34 


ASEAJOURNAL 


ELECTRIFICATION OF THE IRON ORE RAILWAYS IN LAPLAND. 


if one excepts the small railway from Bos* 
rensberg to Klockrike, the first line electrified 
in Sweden on the single phase system is the so 
called Riksgrans (Border) Railway or the 120 
Icilometer length of line between Lulea and 
Riksgransen, the route of which is shown on 
the map below. 

The necessary powers for this were granted 
by the Swedish Riksdag in 1910 and in the 
same year the order was placed with Aseaand 
S.S.W. these two firms not only making them:: 
selves responsible for the supply of all equipts 
ment, but also giving a guarantee as to the 
running costs over a number of years. 

The power station at Porjus was begun in 
1910 and was completed by the end of 1914. 
The transformer sub stations, four in number, 
were commenced in 1912 and were finished at 
the beginning 
of 1914. The 
overhead lines 
which included 
240 kilometers 
of 80,000 volts 
transmission line 
and 150 kilo? 
meters of trolley 
line wire were 
commenced after 
a good deal of 
preparatory 
work in 1912, 
and were com? 
pleted by the 
autumn of 1913. 

The electric lo? 
comotives, which 
comprised 14 
1,800 h.p. goods 
engines of type 
2—6 H- 6—2 and 
2 1,000 h.p. pas? 
senger engines 
of type 4—4+ 

4—4 were deli? 
vered in 1914 
and 1915. 

Trial runs 
commenced in 
June 1914 the 
power being 
supplied by the 
Kiirunavaara 
A.B. As soon as 
the Porjus power 
station was com? 


pleted the first ore trains were electrically driven 
and by July 1915 all trains on the Riksgrans 
Railway were running electrically. 

The installation worked scb well from the 
outset and the running costs were so decidedly 
lower than had been guaranteed, that the two 
firms were soon released from their undertaking 
in this respect and the Swedish State Railway 
Board took over the line complete. 

By 1916 the State Railway Board had already 
submitted a further proposal to continue the 
electrification from Kiruna to Lulea and further 
powers were granted by the Riksdag in 1917 
enabling the Kiruna—Gellivare—Nattavara sec? 
tion to be electrified. 

Asea obtained the order for the supply of 
equipment and the four additional static sub? 
stations required. For this section a further four 

1,800 h.p, 2-6 
+6—2 locomo? 
tives were ne? 
cessary and the 
order for the 
electrical equip? 
ment of these 
was placed with 
Asea. 

The Kiruna— 
Gellivare section 
was taken into 
use at the be? 
ginning of 1920 
and the Gelli? 
vare—N attavara 
section during 
1921. For runn? 
ingthesetwoad? 
ditional lengths 
of line it was 
not found ne? 
cessary to un? 
dertake any ex? 
tension of the 
Porjus power 
station. 

Later, in 1920, 
the Riksdag 
granted powers 
for continuing 
the electrifica? 
tion over the 
section Natta? 
vara—Boden— 
Lulea—Sv^rton 
(see map) using 
five static sub? 



Fig. 1. Map showing the Riksgrans Railway, Sweden. 
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Fig. 2. A 2,100 tons ore train with two locomotives on the Riksgrans Railway. 


stations for which Asea received an order for 
equipment and switchgear as before and also 
for a further single phase generator with 
switchgear for extending the power station at 
Porjus. 

In addition an order was placed with Asea 
for 12 electric locomotives including 10 1,200 
h.p. goods engines type 0—8—0 and 2 2,400 h.p. 
passenger engines of type 4—4+4—4. As the 
overhead equipment was completed and the los* 
comotives delivered electric working was extended, 
— to Boden in March, and to Lulea and Svarton 
in August 1922. 

This completed the electrification of the Lap:* 
land iron ore lines which have a total length 
of about 450 kilometers. 

A little later the electrification of the section 


of the Norwegian State Railway between Riks** 
gransen and Narvik was completed. This section 
was commenced in 1921 and was finished in 
1923. Electric trains accordingly can now be 
run from the Gulf of Bothnia to the Atlantic 
Ocean. 

This line is not only well worth seeing by 
those interested in the technical side of the 
work, but presents also a great deal ofexceeds^ 
ingly interesting scenery to the tourist. A journey 
from Stockholm by steamer to Lulea, thence by 
train via Boden and Kirunato Narvik and then 
by steamer to Trondhjem and by rail through 
Jamtland to Stockholm is a most enjoyable 
summer trip and affords at the same time the 
opportunity of visiting one of the longest 
electrified lines in Europe. 



Fig. 3. An electric locomotive on the Riksgrans Railway after 
running under ordinary winter conditions. 
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THE ELECTRIFICATION OF THE DRAMMEN RAILWAY, NORWAY. 



Railway, a narrow gauge line 
53 Wlometres in length running from C hris tiania 
opened for general traffic in 
1872. Later on sections to Tonsberg, Larvik, 
Eidanger and Brevik were opened, and the 
became generally known as the 
»Westbanen» ("Western Railway). It is hows: 
e^r rather as a line serving the suburbs of 
Christiania than as a section of the Western 
Railway that the Drammen Railway has of 
later years become of great importance. It 
became essential to rebuild the line for stand* 
ard broad gauge traffic and also to double 
some of the track. Christiania by extending 
Its suburbs in the districts served by the 
railway made the traffic increase to such an 
extent that it was necessary to lay double track 
over the sections nearest to Christiania, or to 
be exact, to Sandviken. 

To further increase the carrying capacity of 
me line and also to enable it to serve as a link 
in me system of new standard gauge lines in the 
wcinity it was at the same time widened to the 
cliange was decided on in 
lyiu and the work was begun in-1911. 

The proposal to electrify the line was first 


made in 1912, but the system to be used only 
decided in 1916. The decision arrived at was 
*1 single phase alternating current which 
extensions. 

^ A specification was then prepared covering 
the electrification including a substation and 
overhead equipment, as well as for the first 
14r locomotives. 

loS® submitted in the spring of 

lyia and Asea s subsidiary company A/S Per 
Kure of Christiania secured the contract, in 
competition with German, Swiss, American and 

:?Toiq beginning of the summer 

ot 1919, for the complete overhead equipment, 
substation and 14 950 h.p. 4 + 4 ele?trfr loco* 

woS 

It was specified that the whole of the work 

In 1920 a further order was obtained in 
compehtion with various well known firms for 
a further 8 electric locomotives of 4 + 4 tvne 
making a total of 22 locomotives. 

The work of erecting the poles for the trolley 
Wire was carried out during the summer of 1919 
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and plans were made to 
complete the overhead 
line work for the section 
nearest to Christiania 
during the summer of ^ 

1920 and for the remain:* ^ 
ing sections jin 1921. On 
account however, of the 
clashing of this work 
with other necessary \ 
changes to be carried 
out on the line and 
various unexpected difc 
ficulties in the supply ^ 
of material the original 
plans could not be en^ ^ 
tirely carried out. In 
spite of the complicated 

nature of the overhead work and hindrances 
arising from various causes, the work was finished 
so that a trial run could be made over the section 
from Christiania to Asker during the first days 
of June and over the remaining section in 
October of the latter year. 

On account of the various difficulties, chiefly 
those encountered in the civil engineering work, 
and late delivery of material, the hydro^^electric 
power station could not be finished, so as to be 
able to supply energy before June in the same 
year, i. e. at the same time as the overhead 
line was finished. 

The transformer substation also, on account 
of late delivery of the building material was as 
much delayed as the power station. 

Regarding the locomotives, these too were 
somewhat delayed, chiefly oh account of overdue 
delivery of the mechanical parts, but the first 
was ready for handing over about a month 
before the power station was ready to supply 
energy. When the trial runs could be carried 
out over the first section a sufficient number 
had been completed, and in October of that 





Fig. 2. Map of the .Drammen Railway. 


year the whole of the 
14 locomotives covered 
by the first order were 
ready and delivery of 
the remaining 8 was 
made by the beginning 
of the next year. 

On account of the 
conditions, the different 
parte of this installa** 
^ tion including the power 
station^ the overhead 
line, the substation and 
^ the locomotives were 
all somewhat late, but 
^ all to a similar extent, 

so that setting to work 
was not held up by 
the non:*completion of any particular part. 

Electric working was started in June over the 
section first completed and by August of that 
year all trains on the Christiania—Asker section 
were worked electrically. 

Electric working on the further section Asker— 
Drammen was begun in August, and by October 
the whole line was operated entirely by electric 
locomotives. 

This marked the completion of the original 
order. The electrification was carried out under 
particularly complicated conditions, as the line 
was at the same time being widened to standard 
gauge and the conditions of traffic made it 
necessary to run broad and narrow gauge trains 
at the same time during the change over. 

The complete construction of the standard 
gauge line was finished by the end of the year 
and the narrow gauge trains accordingly were 
withdrawn from service. The whole of the 
installation has given great satisfaction in work^ 
ing, as also has the method devised by Asea 
for minimising the interfearance with telephone 
and telegraph lines. 



Fig. 3. Electric passenger tr.iin near Skarpsno. 
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ASEA’S NEW LOCOMOTIVES FOR THE RIKSGRANS RAILWAY. 



Fig. 1. Goods locomotive for the Riksgrans Railway, Sweden. 


Goods locomotives, arrangement 0—S—0. 

These locomotives, are primarily intended for 
goods traffic and are also used for shunting. 
The principal dimensions are: 

Length over buffer beams, 11,250 m/m. 

Fixed wheel base, 3,450 m/m. 

Total wheel base, 6,350 m/m. 

Diameter of driving wheels, 1,350 m/m. 

Number of motors, 2 . 

Draw bar pull, continuously, about 6.2 tons, 
at a speed of 36 km per hour. 

Draw bar pull, one hour, 9.5 tons, at 30.5 km 
per hour. 

Draw bar pull, maximum, 18 tons. 

Motor output continuous rating, 880 h.p. 

Motor output, one hour, continuous rating, 
1130 h.p. ^ 

Gear ratio: 3 . 82 . 

Maximum speed: 60 km per hour. 

Weight of electrical equipment: 26.5 tons. 

Weight of mechanical parts: 42 .1 tons. 

Total weight: 68.6 tons. 

Rg. 1 is an exterior view of the locomotive. 
As will be seen the locomotive is arranged 
with four driving axles, which are driven by 


coupling rods from a lay shaft carried in be;* 
arings fixed in the main frames. Power is 
transmitted from the driving motors to the lay 
shaft through gearing mounted on each side of 
the motor. The first thing which strikes the eye 
is the powerfully designed slotted connecting 
rod between the inner pairs of wheels. This is 
necessary as the diameter of the wheels could 
not be made sufficiently large to use a connect;* 
ing rod of standard pattern, although this was 
first suggested by Asea. The users however, 
could not agree to the greater length of loco;* 
motive, which would have resulted from this 
arrangement. The lay shaft centre accordingly 
had to be placed 110 m/m above the driving 
wheel centres and the slotted connecting rod 
construction could not be dispensed with. The 
clearance from the rail to the casing of the gear 
is 100 m/m and the distance between the lay 
shaft and the motor shaft centres is 840 m/m. 
The number of teeth in the larger gear wheels 
is 111 and in the pinion 29. The width of the 
gear wheels is 135 m/m. 

To smooth out the power transmission through 
the ^connecting rods, and to minimise shocks 
set * up during working, quill drive has been 
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J’ig. 2. Goods locomotive during erection. 


adopted. The construction of this was found to 
be an exceedingly difficult matter on account 
of the small amount of space which was at the 
disposal of the designer. In principle the ar^ 
rangement adopted consists of 6 radial laminated 
springs which transmit the power from- the 
motor shaft to the gear pinion. 

From the trolley wire the current is collected 
by two pantographs each furnished with a dis^ 
connecting link and is brought through a leading 
through insulator in the roof to the oil switch 
and thence to the high tension winding of the 
transformer. 

The door of the oil switch cubicle is provided 
with a short circuiting arrangement 
which earths the high tension sy^ 
stem when the door is opened. 

The transformer is designed for 
a continuous output of 640 kVA 
and can be arranged with the 
following ratios: 14,000/120, 280, 

480 and 720 volts. It is of shell 
type oil immersed and arranged 
for forced air cooling. The cooling 
air is obtained from a Schlotter 
ventilator and is passed through 
vertical pipes welded into the 
transformer tank. This system of 
cooling has proved exceedingly 
effective. 

From the low tension terminals 
of the transformer the current is 
taken through conductors laid under 
the .flooring to the relay panel, 
which carries the necessary con^ 
tactors for the control, and thence 


through a reactance arranged in 
three sections to the motors. 

The motors are forced cooled 
single! phase commutator motors 
totally enclosed and carried direct 
in the locomotive main frames. 
The cooling air is obtained from 
an electrically driven double cenj* 
trifugal ventilating fan mounted 
over the motors. They are per^ 
manently connected in series. The 
fields can be reversed by an elec:* 
tromagnetically operated reverser 
mounted over one of the motors. 

The locomotive is furnished with 
a driving compartment at each end 
provided with controller and in^ 
struments, (voltmeter and ammeter, 
speedometer and vacuum gauge), 
hand operated air pump for raising 
the pantographs, and panel with 
switches and fuses for the lighting 
circuits. The machinery is housed in a roomy 
compartment in the centre, the two driving motors 
with the ventilators and reverser occupying a 
position in the middle of the locomotive. The 
transformer with the circuit breaker and the 
Schlotter ventilator is placed at one end, and 
the reactance coils, compresser and resistance 
are placed at the other end. Both sides of the 
body are furnished with louvres which permit 
very effective ventilation during running. 

Fig. 2 shows the interior of the locomotive 
during erection and indicates the arrangement 
of the contacters and control leads. 

Fig. 3 shows the interior of the machinery 



Fig. 3, Interior of goods locomotive. 

















Fig. 4, Driver's compartment. 

compartment and Fig. 4 one of the driver’s 
compartments. 

These locomotives have so far been used for 


and Riksgransen are constructed as two close 
coupled units, both halves being precisely similar 
in their mechanical and electrical details. Each 
locomotive half is provided with two driving 
motors, driving through gearing on to a common 
lay shaft from which the power^is transmitted to 
the driving wheels by connecting rods. The 
arrangement is almost entirely similar to that 
adopted for the goods locomotives, with the 
difference that the centres of the driving wheels 
and the lay shaft are at the same height above 
the rail level, an arrangement which has made 
it possible to use connecting rods of ordinary 
standard pattern in place of the slotted coupling 
rod used in the goods locomotive. 

Fig. 7 shows one of the locomotives which 
has just left the erecting shops. Each unit of 
the locomotive has two pairs of driving wheels 
with bearings in the main frames and a four 
wheeled bogie. With this arrangement the locos^. 
motive negotiates curves very comfortably and 
is well suited to high running speeds. These 
characteristics have been fully proved in practice 
and the locomotive runs exceedingly smoothly 
and steadilly even at the highest speeds. The 
principal dimensions are as follows: 

Length over buffer beams: 21,400 mm (approx. 
700. 

Fixed wheel base: 3,450 m/m. 

Total wheel base: 16,200 m/m.. 

Diameter of driving wheels: 1,350 m/m. 

Number of motors: 4. 


ordinary traffic on the Southern Section of the Draw bar pull continuous rating: 5.7 tons at 
line between Kiruna to Lulea. On account of 78 km per hour. 

the prevailing gradients easier conditions exist Draw bar pull one hour rating: 8.8 tons'*at 
on this section than on the Northern Section 66 km per hour. 


from Kiruna to Riksgransen, as 
the. loaded trains run down hill and 
only empties have to be hauled in 
the opposite direction. Locomotives 
normally capably of - dealing w:ith 
14 ore trucks canaccordingly handle 
about 30 on-^e-Kiruna—Lulea sec:* 
tion. The great weight of the trains 
handled has made it necessary 
however to construct the locomos 
tives much stronger in all parts than 
is really justified by. their specified 
capabilities; At the time: of writing 
locomotives’ of this type have co^ 
vered a mileage amounting to about 
1,000,000 kilometers. 

Passenger Locomotives, Type 

4—4+4 — 4; 

^ ^ese loc^pmotiyes whiqh were 
specially desired for dealing with 
the passenger traffic between Lulea 



*Fig. 5. Interior of expre55 locomotive. 
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Maximum draw 
bar pull 16 tons. 

Motor putputconss 
tinuous rating: 1,760 
h.p. 

Motor output«one 
hour rating: 2,260 
h.p. 

Gear ratio: 1.76. 

Maximum speed: 

100 km per hour. 

Weight of elect:* 
rical equipment: 52.6 
tons. 

Weight of me:* 
chanical parts: 70.6 
tons. 

Total weight: 123.2 tons. 

Each locomotive half is arranged on the same 
principle as the goods locomotives already- 
described except that the driving cab at one 
end is dispensed with. This has made more 
space available and has enabled the auxiliary 
machinery and apparatus to be better arranged. 

Fig. 5 is an interior view taken from the 
close coupled end of the locomotive. In the 
background nearest to the driving cab is placed 
the main transformer; From this current is taken 
in solid copper strip conducters direct to the 
main switch and thence under the flooring to 
the regulating transformers and motors. The air 
compresser is placed in the centre of the ma** 
chinery compartment by the side of the regulating 
transformers. All the conducters are in this 
way exceedingly well protected and their length 
is as short as is practically possible. 

The machinery compartment generally gives 
the impression ’ of being light, roomy and 
straightforwardly arranged, which is a feature 
of the greatest importance in an electric loco?* 


motive, which is so 
dependent on the 
accurate adjustment 
of its many complic** 
ated pieces of appa?* 
ratus. Fig. 6 is another 
view of the machin?* 
ery compartment in 
which the second 
close coupled loco** 
motive half can be 
seen through the 
connecting door. 

Against the end 
wall can be seen the 
connections for the 
multiple unit control 
leads. From this connection board conductors are 
taken to multiple coupling boxes and from these 
in leather armoured tubes to the other half of the 
locomotive. The coupling boxes can be connected 
and disconnected by using the single hand grip 
provided. No transmission of low tension current 
takes place between the two locomotive halves, 
as they are independently equipped and each 
half is complete in itself. The high tension 
systems are however connected together by 
insulated conducters and flexible couplings 
arranged above the roof. The driving cabs are 
arranged in the same way as in the case of the 
goods locomotives. An addition is an ammeter 
for checking the current taken by the motors 
in the farther locomotive half. 

Locomotives of this type have at the time of 
writing covered a mileage of about 250,000 
kilometers and have worked faultlessly. The 
mechanical parts, both for the goods and the 
passenger locomotives were supplied by A.s*B. 
Svenska Jarnvagsverkstaderna, (The Swedish 
Railway Works Ltd.) of Falun. 



Fig. 6. Interior of express locomotive, another view. 



Fig. 7. Express locomotive for the Riksgrans Railway. 
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THE ELECTRIFICATION OF THE STOCKHOLM-GOTHENBURG 
SECTION OF THE SWEDISH STATE RAILWAYS. 
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Fig. 1. Profile and map of the line. 


At the request of H.R.H, the King of Sweden 
the Swedish State Railways Board submitted in 
February 1920 prices and estimates for the 
continuation of the electrification of the State 
Railways, together with detailed proposals for 
the electrification of the line from Stockholm 
to Gothenburg. On the 19th March of the 
same year this proposal was placed before the 
Riksdag covering the electrification of the above 
section of the line with single phase alternating 
current generated in hydroelectric power stations 
and requiring a capital expenditure of 23,000,000 
kr. The scheme was generally approved. 

The Telegraphs Department however, sub;* 
mitted that the problems regarding disturbances 
on the telephone and telegraph lines had not 
been cleared up in a satisfactory manner and 
the Riksdag accordingly definitely refused to 
allow the electrification to be proceeded with 
until such time as this question should be 
properly settled. 

Following this decision a Royal Commission 
was appointed and given instructions to invest 
tigate the problem as quickly as possible and 
to submit proposals regarding tihe measures to be 
taken to overcome the interfearance in question. 

At the same time the Swedish Waterfalls Board 
asserted that certain advantages could be attained 
by taking the power necessary for working the 
line from the existing three phase network and 
converting it to single phase. 

Accordingly on the 11th June 1920 a further 
Royal Commission was appointed with instruc;* 
tions to investigate suitable means for trans:* 
mitting electrical energy from the available 
power stations to the railway. 


On the 31st March 1922 the same Commission 
were instructed to investigate the various econo;* 
mic and technical advantages which would be 
obtained by electrifying the State Railways 
with continuous current. 

The first Commission submitted their report 
on the 31st December 1922 the substance of 
which was that the telephone and telegraph line 
disturbances caused by single phase traction 
could be reduced to a negligable value by 
taking the following precautionary measures: 

1) Transferring all the overhead telegraph and 
telephone lines from positions alongside the 
railway to main roads or replacing them with 
cable having earthed sheath and iron armouring. 

2 ) Providing the contact line wire with a 
return wire of copper and placing booster trans;* 
formers at suitable intervals, 

3) Having the generators and motors designed 
as far as possible free from high frequency 
harmonics. 

For electrification with continuous current the 
following main precautions were recommended: 

1 ) Transferring all overhead telegraph and 
telephone lines to the main roads. 

2 ) Providing the contact line wire and also 
the return line with a necessary number of 
feeders to prevent earth currents, which mainly 
effect telegraph and telephone apparatus and 
give rise to electrolysis. 

3) Generators and motors to be in the highest 
possible degree free from high frequency har^ 
monies. 

The second Commission submitted their r^ort 
on the 30th June 1923, the following being the 
maid results: 
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1) The power necessary for running the raih 
ways could be taken from the existing three 
phase system with frequencies of 50 and 25 
cycles and could be converted in substations 
along the railway line to single phase alternating 
current or continuous current, whichever should 
prove most economical, when all questions were 
taken into Siccount. 

2) Electrification with continuous current had 
not been found to be technically more advans* 
tageous or economical than electrification with 



single phase, so that as the former Commission 
had reported that a satisfactory solution of the 
problem of telephone disturbances could be 
arrived at in the case of single phase traction 
by the adoption of certain precautions, there 
appeared to be no reason why this system 
should not be used, especially as several years 
experience with it had been obtained in the 
country. 

After consideration of the reports of both 
Commissions the Swedish State Railways Board, 
on the 7th May 1923 sought to obtain powers 
for carrying out the work on the lines suggested 
and the Royal Assent was given to this on the 
15th June 1923. 

Accordingly the line, which has a total length 
of 460 km and a maximum gradient of 1 in 
100 is being electrified on the single phase 
system, energy being supplied at 15,000 volts 
16^/3 cycles from five converter substations 
furnished with the following: 

Sodertelje 3 motor converters each 2,400 kVA 

Skoldinge 2 „ „ „ „ „ 

Hallsberg 2 „ „ „ „ „ 

Moholm 2 „ „ „ „ „ 

Alingsas 3 ,, „ „ „ „ 

Each converter station supplies its own section 
of trolley wire of from 80 to 125 km in length, 
so that the converter stations do not work in 
parallel on the 15,000 volt side. The map 
reproduced in fig. 1 shows the route taken by 
the line and the positions of the converter 
substations. 

The system of trolley wire suspension is 
generally similar to that used on the Riksgrans 
Railway with the addition however of copper 
return conductors. Fig. 2 shows the suspension 
arrangement for the trolley wire. 

As a commencement the locomotive stock 
will consist of 50 coupled locomotives type 
2 — 6 — 2 , the general arrangement being as shown 
in fig. 4. The leading dimensions of the locos* 
motives are: 


Length over buffer beams 13,000 m/m. 
Fixed wheel base 5,400 „ 

Total wheel base 9,400 ,, 

Diameter of driving wheels 1,530 „ 
i ll i l l w i Diameter of leading wheels 970 ,, 

Fig, 2 a. Standard pole for supporting trolley wire. Number of motorS 2 
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Fig. 2 b. Trolley wire suspension. 
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Fig. 3. Drives, motors and lay shaft. 


Motor output, continuous 1,350 h.p. 

Motor output, one hour 1,660 „ 

Adhesive weight 51 tons. 

Total weight 78.5 „ 

The locomotives are being supplied with 
different gear ratios, the lower for passenger 
service and the higher for goods service. 

The data for the goods locomotives are as 
below; 

Train weight maximum 900 tons. 

Draw bar pull, continuously 6,200 kgs. 

Draw bar pull, one hour 8,700 „ 

Draw bar pull, maximum 13,500 „ 

Speed at continuous output 57.5 km per hour. 

Speed at one hour output 49.6 km per hour. 

Speed, maximum, 67 km per hour. 

The corresponding data for the passenger 
locomotives are: 

Weight of train maximum 500 tons. 


Draw bar pull, continuous 4,700 kgs. 

Draw bar pull, one hour 6,600 „ 

Draw bar pull, maximrun 12,500 „ 

Speed with continuous output about 76.5 km 
per hour. 

Speed with one hour output 65.5 km per 
hour. 

Speed, maximiun, 90 km per hour. 

Fig. 3 shows the driving motors and lay shaft 
and indicates how the motors and the auxiliary 
driving axle are carried in a steel housing wkch 
is bolted up to the frames to which it acts as 
a cross stay. 

The stators and brush rockers for the two 
motors are firmly held in a steel housing, which 
is common to both machines. The rotors are 
carried in separate bearings which are supported 
by tjie housing. The motor shafts are furnished 
at both ends with quill driven pinjons, which 
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Fig. 4. Locomotive type 2—6—2. 



drive on to gear wheels on the lay shaft. The 
lay shaft is provided with cranks and crank 
pins for the coupling rods. 

The control gear and transformers are of the 
same construction which has previously been 
used in the locomotives of types Od and Of. 
The mechanical parts generally will be of the 
most solid construction. The bodies will be 
furnished with double walls and finished outside 
with teak. 


The Swedish State Railway Board have just 
recently placed an order with Asea for the 
electrical equipment for all five substations. The 
delivery of the fifty electric locomotives has 
been entrusted by the Railway Board to Asea 
and A.«*B. Svenska Jarnvagsverkstaderna, (The 
Swedish Railway Works Ltd.) Falun, A.j»B. Lind?* 
holmen—Motala, Motala and Nydqvist & Holm 
A.sjB., Trollhattan. 

Delivery is to be completed by the end of 1925. 
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Principal data of ASEA locomp. 
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Type 2—2—2. 

Name of railroad: Mellersta Ostergotland Ry, Sweden. 
Date: 1908.J 
Number delivered: 1. 

Total weight: 12 tons. 

Diam. driving wheels: 800 mm. 

Diam. running wheels: 740 mm. 

Currentsystem: A.C. Single phase, 10,000 volts, 25 cycles. 
Number of motors: 2. 

One hour h.p. rating: 36. 

Maximum speed: 40 km p. h. 



Type 0-4-4. 

Name of railroad: Swedish State Ry:s. 

Date: 1908. 

Number delivered: 1. 

Total weight: 52.2 tons. 

Diam. driving wheels: 1,350 mm. 

Diam. running wheels: 870 mm. 

Current system: A. C. Single phase 15,000 volts, 15 cycles. 
Number of motors: 2. 

One hour h.p. rating: 450. 

Max. speed; 75 km p. h. 



Type 0-4-b4-0. 

Name of railroad: Mellersta Ostergotland Ry, Sweden. 
Date: 1915. 

Number delivered: 4. 

Total weight: 22.4 ton. 

Diam. driving wheels: 800 mm. 

Current system: A. C. Single phase 10,000 volts, 25 cycles. 
Number of motors: 4. 

One hour h.p, rating: 140. 

Max, speed: 40 km p. h. 



Type 2—4—0. 

Name of railroad: Lund Bjarred Ry, Sweden. 

Date: 1916. 

Number delivered: 1. 

Total weight; 26.1 tons. 

Diam. driving wheels; 1,000 mm, 

Diam. running wheels: 1,000 mm. 

Currentsystem: A. C. Single phase 16,000 volts, 15 cycles. 
Number of motors: 2. 

One hoiur h.p. rating: 230. 

Max. speed: 60 km p. h. 



Type 0—8—0. 

Name of railroad; Swedish State Ry:s. 

Date; 1919—1922. 

Number delivered: 10. 

Total weight: 68.8 tons. 

Diam. driving wheels: 1,350 mm. 

Currentsystem A.C. Single phase, 15,000 volts, 15 cycles. 
Number of motors: 2. 

One hour h.p. rating; 1,130. 

Max. speed; 60 km p. h. 
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Type 0—4+4—0, 

Name of railroad: Norwegian State Ry;s. 

Date: 1919—1923. 

Number delivered: 22. 

Total weight: 64 tons, 

Diam. driving wheels: 1,445 mm. 

Currentsystem; A. C. Single phase, 15,000 volts, 15 cycles. 
Number of motors: 2. 

One hour h.p. rating: 940. 

Max. speed; 60 km p. h. 


.................. 


................... 




................... 


tiVes A. C.y Single phase system. 



Name of railroad: Swedish State Ry:s. 

Date: 1911-1915. 

Number delivered: 2. 

Total weight: 90 tons. 

Diam. driving wheels: 1,575 mm. 

Diam. running wheels: 870 mm. 

Current system: A. C. Single phase 15,000 volts, 15 cycles, 
Number of motors: 1. 

One hour h.p. rating: 1,000. 

Max. speed: 100 km p. h. 



Name of railroad: Swedish State Ry:s. 

Date: 1911-1915. 

Number delivered: 6. 

Total weight: 138 tons. 

Diam. driving wheels: 1,100 mm. 

Diam. running wheels: 730 mm. 

Current system: A. C. Single phase 15,000 volts, 15 cycles. 
Number of motors: 2. 

One hour h.p. rating: 1,600. 

Max. speed: 60 km p. h. 
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Type 0—4+4—0. 

Name of railroad: Thamshavn Ry, Norway. 

Date: 1918. 

Number delivered: 2. 

Total weight: 42 tons. 

Diam. driving wheels: 1,000 mm. 

Current system; A. C. Single phase 7,000 volts, 25 cycles. 
Number of motors: 4. 

One hour h.p. rating: 560. 

Max. speed: 50 km p. h. 



Type 2—6+6—2. 

Name of railroad: Swedish State Ry;s. 

Number in course of erection: 5. 

Total weight: 130 tons. 

Diam. driving wheels: 1,530 mm. 

Diam. running wheels: 850 mm. 

Current system: A. C. Single phase 15,000 volts, 15 cycles. 
Number of motors: 4. 

One hour h.p. rating; 2,900. 

Max. speed: 60 km p. h. 
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Type 4-4+4-4. 

Name of railroad: Swedish State Ry:s. 

Date; 1919-1922. 

Number delivered: 2. 

Total weight: 123.2 tons. 

Diam. driving wheels: 1,350 mm. 

Diam. running wheels: 960 mm. 

Current system: A. C. Single phase, 15,000 volts, 15 cycles. 
Number of motors: 4. 

One hour h.p. rating: 2,260. 

Max. speed: 100 km p. h. 



Type 2—6—2. 

Name of railroad: Swedish State Ry:s. 

Number in course of erection: 50. 

Total weight: 78.5 tons. 

Diam. driving wheels: 1,530 mm. 

Diam. running wheels: 970 mm. 

Current system: A.C. Single phase 15,000 volts, 16.7 cycles. 
Number of motors: 2. 

One hour h.p. rating, 1,660. 

Max. speed passenger service: 90 km p. h. 

Max. speed freight service: 60 km p. h. 
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Asea’s head office and works in Vesteras, Sweden. 


I ALLMANNA SVENSKA SWEDISH GENERAL I 
1 ELEKTRISKA A.B. ELECTRIC LI5 J 


Head office: VESTERAS, SWEDEN 
Works: Vesteras and Ludvika 
Telegrams; Asea, Vesteras 



5, CHANCERY LANE, LONDON 
Works: Fulbourne Rd., Walthamstow 
Telegrams: Autosyncro, Fleet, London 


OFFICES, ASSOCIATED COMPANIES AND AGENTS: 


ARGENTINA 

Compania Sudatnedcana SKF, 
Buenos Aires. Victoria 502. 


AUSTRALIA 

Unbehaun 6. Johnstone, Ltd., 
Perth, A. 

383/387 Murray Street. 

Unbehaun &. Johnstone, Ltd;, 
Adelaide, 100 Cunie Street. 

Thomas Bros. Pty, Ltd,, Melbourne. 
201/203 William Street. 

Australectric, Ltd., 

Sydney, Wireless House, 

97 Clarence Street. 

Intercolonial Boring Co. Ltd., 
Brisbane, 450/460 Ann Street. 

BELGIUM 

Soci6t6 Beige d'Electricity Asea, 
Bruxelles, 2rKue Gr^try. 

-BOLIVIA 

Graham, Rowe A Co., Oruro, 
Altanza 581.- 

BRAZIL . 

Haupt A Co., 

Rio de Janeiro, Rua $26 Pedro 50 
S2o Paulo, Rua da Boa Vista 50. 
Porto Ale^e, Rua 15 de 
Novembre 16. 


CANADA 

Swedish General Electric Ltd., 
Toronto, Ont., 107 Duke Street. 

CHILE 

Graham, Rowe A Co., 
Valparaiso, Cochrane 825. 
Santiago, Bandera 267—275. 
Antofagasta, San Martin 362. 

CHINA 

Henry J. Moysey, Shanghai, 
Peking Road 64. 

DENMARK 

Elektricitets Aktieselskabet Asea, 
Copenhagen K, Bredgade 45. 

ESTHONIA 

Linke, Martinson A Co., Reval, 
Kinga tan 10. 

FINLAND 

AUmanna Elektriska Aktiebolaget 
i Finland. 

Helsingfors, Citypassagen. 
FRANCE 

Society Fran^alse d’Electricity Asea, 
Paris. 

Boulevard Hatissmann 114. 
HOLLAND 

Groeneveld, van der Poll 6. Go., 
Amsterdam', De Ruijterkade 41, 42. 


JAPAN 

Gadelius & Co.,' 

Tokyo, 41, Akashi«cho Tsukiji. 

Kobe, 58 B, Naniwa machi. 
Dairen, 45, Yu«ku, Satsumacho. 

NEW ZEALAND. 
Turnbull & Jones, Wellington, 
19, 21, 23 Blair Street. 

NORWAY, 

A/S Per Kure, Norsk Motors. og 
Dynamofabrik, 

Christiania, Universitetsgate 24. 
PERU 

Graham, Rowe A Co., Lima. 
Vill^ta 282. 

PORTUGAL 

Jayme da Costa L:tda, Lisbon, 
16 Rua dos Correeiros 26. 

RUSSIA 

Sociyty Russe d’Electricity Acca, 
Leningrad, Uliza Gogolja 7. 

SOUTH-AFRICA 
Reunert ..Lenz, Johannesburg. 
Consolidated Buildings. 

SPAIN 

Sociedad Espanola de Electricidad 
Asea, 

Madrid, Calle Montalban 13. 


BESIDES REPRESENTA TIVES IM; 

UKEECE. INDIA. LATVIA. MEXICO. 


....I...I...Ill.....mil.........| 

Vesteras 1924, Westmanlands Allehanda Printing Co. 
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Fig. 4. Transformers. 


no drawback, such as slipping of the driving 
wheels of one bogie, has occured in practice. 

The’ motors are totally enclosed and have 6 
inspection covers located round the commutator 
for attending to the commutator and brush 
gear. These are easy of access through inspection 
covers placed in the sheet steel bonnets over 
the motors. A motor driven ventilator is placed 
directly over each motor and blows cooling air 
through it. 

Fig. 5 is an end view of the locomotive with 
the bonnet over the motors lifted off. The motors 
are supported in the bogie frames by cylindrical 
bearers. This arrangement ensures mat the axis 
of the motors are always directly parallel to the 
lay shaft and also that the correct centre distance 
shall be maintained between them, which is 
essential for the satisfactory running of the 
gear. The motors can also be arranged well 
down in the bogie frame and can if required 
be easily removed and replaced. 

As regards the control system of the locoo 
motive the arrangements which are provided 
have already been indicated in the description 
of the driver’s compartment. The main controller 
operates the electrosmagnetic contacters on the 
relay panel and also works the electrosmagnetic 
reverser (which changes the direction of the 
current in the driving motor’s field windings 
relatively to the rotor current) for reversing the 
locomotive. For operating the controls alternating 
mrrent at 210 volts is used and taken direct 
from the main transformer. 


The number of running positions is 17. The 
pressure supplied to the motors in the first 
position is 72 volts (for each motor) and 
increases successively to 358 volts in the 17th 
position, all reckoned with a trolley wire voltage 
of 15,000. The highest running position is only 
intended for use when the line voltage is parti# 
cularly low and under normal cbnditions is 
seldom required. The voltage increase from one 
step to another has been made greater for the 
last positions than for the first and the voltage 
graduation provided at starting has proved to 
be particularly suitable for varying train loads 
and track conditions. 

Brakes etc. 

The locomotive is provided with the vacuum 
brake. Two rotary vacuum pumps are used each 
driven by its own motor. The smaller runs 
continuously to maintain the vacuum in the 
train pipe and to compensate for the leakage 
which takes place. The larger pump runs only 
if the brakes have been applied and is of 
sufficient dimensions to bring up the vacuum 
quickly to its normal value, to enable the brakes 
to be released. Both pumps are worked by the 
brake controller handle, which also admits air to 
the train pipe when the brakes are to be used. 

Compressed air for the sand apparatus, the 
whistle, and the pantographs is supplied by a 
motor compressor of rotary type like the vacuum 
pumps. The compresser which is shown in fig. 5 
close to the driving motor is arranged with the 
usual type of automatic regulating apparatus, 
which maintains the air pressure at a value 
between 5 and 7 atmospheres. 

For lighting the locomotive and also for the 
head and tail lamps alternating current at 32 
volts is used. If the pressure on the trolley 
wire should fail an accumulator battery is auto# 
matically connected to the circuit. As the voltage 
of the lamps is so low (from which it follows 
that the filaments are relatively thick) the flue# 
tuations in the light are scarcely noticeable with 
the 15 cycle current. For lighting purposes a 
special small transformer is provided. 

For heating the coaches of passenger trains 
provision has been made for the supply of 200 
k'W from the main transformer of the locomotive 
at 478 volts. From the transformer terminals 
leads are run to an electrically operated switch 
in the transformer compartment and thence to 
couplings, two at each end of the locomotive 
fixed on the buffer boards. Two cables have 
been used in parallel between the locomotives 
and coaches and between the coaches themselves 
to tnake the couplings as light and easily handled 
as possible. The main switch for this circuit 
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is operated from a small tumbler switch in one 
of the driving cabs. 

Trial runs were made with these locomotives 
on the section between Christiania and Asker 
in May 1922. They were driven day and night 
drawing trains of 300 tons between Christiania 
and Sandviken and were found fully up to their 
specification! Tests were also carried out with a 
train of 500 tons on a bank of 16 per 1,000 
between Lier and Spikkestad and on this grade 
a speed of 13 km per. hour was attained without 
difficulty. In June the first two locomotives 
were taken over for regular traffic service between 
Christiania and Asker and thereafter steam loco? 
motives were successively displaced as electric 
locomotives became available, and as soon as 
drivers could be trained and made fully acqua^ 
inted with their construction and working. 

By the middle of July the whole of the local 
train service to Sandviken was worked electri** 
cally. After this goods and passenger traffic 
between Christiania and Drammen was as a 
commencement worked electrically as far as 
Heggedal (the next station to Asker), where 
the electric was changed for a steam locomotive. 
From the first, passenger traffic was run elec^ 
trically, the locomotives being particularly suitable 
for the two services on account of their good 
performance at both maximum and medium 
speeds. The silent running of the locomotives 
at varying speeds is particularly noteworthy. 
The bogie arrangement employed has proved 
itself particularly suitable to the conditions 
obtaining. 

Lastly it should be recorded that the machines 
have proved entirely satisfactory when used on 
service of very varying character including fast 
passenger, local and goods services. The working 
costs during the time that traffic has been worked 



Fig. 5. End view of locomotive. 


electrically have shown that.,the adoption of 
this type of locomotive, and the selection of 
the various apparatus used in connection with 
it, was most fortunate, for both electrical and 
mechanical parts have not been found wanting 
in any demands made upon them. 

The mechanical parts of the locomotives were 
supplied by A/S Norsk Maskinindustri, Chris*« 
tiania. 


MOTORS FOR 0-8-0 AND 4-4+4-4 LOCOMOTIVES FOR THE 
RIKSGRANS RAILWAY AND FOR 0-4+4-0 LOCOMOTIVES FOR 

THE DRAMMEN RAILWAY. 


In the foregoing articles the dijBEerent types 
of locomotives have been described which have 
been recently delivered by Asea for the Swedish 
and Norwegian State Railways. In general these 
locomotives have been equipped with two motors 
each, an exception being the locomotives of 
4 —4+4—4 type which being intended for heavy 
express traffic were necessarily of greater power 
and were provided with 4 motors. By adopting this 
arrangement it was possible to use the same motor 
typft for both the 0—8—0 and 4—4+4—4 locomos* 
tives and thus only two different motor types were 
necessary in executing these important orders. 


To begin with, and for the sake of comparison, 
a table is given below setting forth the principal 
details for the motors. 
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Locomotive 
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Max. speed km | 
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I 

d 

% 

(3 

1 

*o 

1 hotir rating of 
motor h.p. 

IJ 

« 

Gear ratio 

Driving wheel ' j 
diameter 1 

Tractive «flEort 1 
hour rating tons 

Maximum 
tractive effort tons 

S| 

p 

15 

0_4+4_0 

60 

2 

12 

470 

400 

4.27 

1,445 

7.2 

16 

33.5 

I 

15 

o 

1 

00 

1 

o 

60 

2 

14 

565 

450 

3.82 

1,350 

9.6 

13 

30.5 

J5 

4—4+4—4 

100 

_4 

14 

565 

450 

1.76 

1,350 

8.75 

|16.6|^ 










5i 


ASEA^JOURNAL 


The two motor 
types are designs* 
ed in exactly the 
same manner. 

They are plain 
series motors 
with compensats* 
ing and commu:? 
tating windings 
and generally 
similar to most 
of the modern 
single phase mo^ 
tors. The mes* 
chanical design 
is also generally 
the same for both 
types, except for 
alterations which 
are involved by 
a somewhat difs* 
ferent manner of fixing in the locomotives. 
Fig. 5 shows the smaller type in side elevation 
and section. 

In a locomotive motor as much attention must 
be given to the mechanical parts as to the elec:* 
trical, as on account of the vibrations and shocks 
which arise strains are set up which are more 
or less impossible to forecast. It is therefore of 
importance that the calculated strains should be 
kept low and that only material with a high 
elastic limit is used for those parts which are 
most exposed to such shocks. This point has 
been kept in mind in the construction of the 
motors and an idea can be gathered from fig. 
5 of the strong mechanical construction. It 
may be stated mrther, that with the exception 
of the active iron, only steel has been used in 
both stator and rotor, the axles being of nickel 


steel. No cast 
iron whatever 
has been employ** 
ed. Figs, 1 and 
2 show the two 
•ftypes of motor 
as they appear 
and partly erect** 
ed in the shops. 
As regards active 
iron and wind** 
ings the stator 
and rotor cores 
are laminated, 
the stator being 
furnished with 
definite poles 
and the windings 
are to a consi** 
derable degree 
placed similarly 
to those of a continuous current machine with 
commutating poles and compensating winding. 
The rotor winding is a parallel winding with 
equalising connections and is soldered directly 
into the commutator segments without the use 
of special commutator risers or high resistance 
connections. By this method a particularly strong 
and simple construction has been obtained. 

In order to ensure good commutation the com¬ 
mutating field must have a definite strength and 
phase, partly in order to compensate the reactance 
voltage (tending to cause circulating currents), and 
partly to compensate the induced voltage due to 
transformer effect in the short circuited coils, which 
is caused by pulsations in the main field. The 
former can be looked upon as being in phase with 
the armature current, while the last lags by about 
90°, so that the commutating field must have a 



Fig. 1. Motors of type SJ 1103 with fans mounted. 



Fig. 2. Motors type SJ 1303. 
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Curves at 295 volts, 15 cycles 
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Fig. 4. Goods locomotive arrangement 0—8—0 with two motors 
type SJ 1303. 565 h.p., 455 r.p.m., 15 cycles. 


component to meet both these voltages and its 
amplitude should accordingly lag behind the 
the armature current by about 45°. This is 
achieved most simply by connecting an ohmic 
resistance in parallel with the commutating 
winding, so that the current in this becomes 
shifted in phase relative to the main current. 

The motors in question are constructed in 
accordance with this principle and due to this, 
and a careful selection of the various dimensions, 
they give sparkless commutation, even at rela# 
•tively low speeds. 

During starting the transformer voltage is 
wholly uncompensated, so that a slight amount 
of sparking is observed when the motors are 
fully loaded. The dimensions of the motors are 
such however, that this sparking is inconsiderable 
and not of such amount as to damage the 
commutator. 

Experience. on the Riksgrans Railway has 
shown that it is not necessary to regrind the 
commutators more often than once every year 
in ordinary service. 

The normal pressure at the motor terminals is 
from 290 to 300 volts, at which voltage the 
motors give the outputs stated in the table. The 
general characteristics of the machines showing 
their performance at various loads are indicated 
in the curves. Figs. 3 and 4. The figure taken 
as the maximum tractive effort corresponds to 
about 26 or 27 % of the adhesive weight ^and 
these figures are about what is actually obtained 


under normal track conditions. The motors have 
on test in the shops and also in service shown 
that they are capable of an output corresponding 
to this tractive effort. The outputs given above are 
obtained with a temperature rise not exceeding 
70° C in the windings and commutators and 
the 565 h.p. motor will give 450 h.p. continue 
ously with the temperature rise not exceeding 
60° C. Such a high continuous output as 85 ^ 
of the one hour rating with the same temperature 
rise is obtained by using the totally enclosed 
form and providing powerful ventilation. This 
has been obtained by a motor driven fan mounted 
directly on the motor and in the 0—4+4—0 
locomotive each driving motor has its own fan, 
which at the . same time provides cooling air 
for the transformer, while in the 0—8—0 and 
4 -_ 44 . 4_4 locomotives each pair of motors is 
ventilated from the same double fan outfit. 

Speed regulation is obtained practically free 
of losses as series resistance is not employed, 
the motors being connected by contactors to 
different terminals of the transformer through 
reactance coils,, thus providing a voltage which 
varies by suitable steps up to the normal full 
value. The arrangement used is further described 
in the articles dealing with the equipment of 
the various locomotives. 

A factor of particular importance is the effect 
which the motors themselves have upon the 
circuit in which they are connected, particularly 
with regard to the higher harmonics which are 








Fig. 5. Motors o£ type SJ 1103 side elevation and section. 


superimposed on the voltage and current waves 
and which have a troublesome effect on the tele** 
graph and telephone lines which run alongside the 
railway. In this respect the motors, and particularly 
the 470 h.p. motor, have shown themselves highly 
satisfactory and when a simple auxiliary appas* 
ratus is used they do not cause more distur** 
bance than a corresponding continuous current 
motor would do. 

Auxiliary Motors. 

For driving the ventilating fans, pumps etc. 
a number of auxiliary motors are required for 
each locomotive and with the exception of 
certain compressor motors these run continuosly. 
They are series motors with compensating winds* 


ings, some being provided with commutating 
poles in addition and are designed for the same 
temperature rise as is allowed for ordinary stations 
ary machines. These motors are wound for 105 
volts for the 0—4+4—0 locomotives and 125 volts 
for the others. For the former Asea supplied 
motors for the ventilators and vacuum brake 
pumps, forming part of the vacuum brake 
apparatus, and for the ventilating fans of the 
0—8—0 and 4—4+4—4 locomotives. 

Starting in general is effected by throwing 
the motor straight on to the full voltage. An 
exception is made in the motors for the 0—4+4—0 
locomotives in which the motors driving the 
pumps for the vacuum brake are operated from 
the brake controller and starting is effected 
through resistances or reactance coils. 
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CONTROL GEAR FOR ELECTRIC LOCOMOTIVES. 


In the present article the control gear for the 
single phase locomotives supplied to the Riks:* 
grans (Swedish State) Railway and the Drammen 
Railway (Norway) is described in greater detail. 
In all these locomotives the apparatus generally 
is of similar pattern and the internal connections 
are to a great extent the same although the 
arrangement of the various parts is somewhat 
diflFerent. 

The Swedish State Railway goods locomotives 
are provided with two motors each developing, 
on a one hour rating, approximately 400 kW 
or 540 h.p. and on continuous rating about 
315 kW or 430 h.p. The current taken by the 
motors is approximately 1,700 amperes on the 
one hour rating and 1,300 amperes on the 
continuous rating and the motors are permanently 
connected in series. On the passenger locomotives 
four motors are fitted, each being of the power 
given above, and the equipment consists of a 
pair of complete two motor equipments. 

Before proceeding to a description of the 
various pieces of apparatus employed we would 
direct the reader’s attention to the diagram of 
connections given in fig. 1. The scheme of 
connections is practically the same for both 
goods and passenger locomotives, as one goods 
locomotive (or one half of a passenger loco?* 
motive) comprises a complete unit consisting of 
two motors connected in series, together with 
their accessories. 

The number of driving steps provided on 
the controller is 11 for a goods locomotive (1 
”standj*by” position and 10 running positions) 
and when two such locomotives are coupled 
together the number of steps is 20. The number 
of steps for a passenger locomotive is also 20. 

This increased number of steps is obtained 
by arranging that when two motor units are 
coupled together the corresponding motor con^ 
tacters are not closed together, but one from 
each locomotive or locomotive half in turn. 
This arrangement will be clear from the table 
given in fig. 2. 

On the cover of the controller only those 
steps are marked as running positions in which 
the circuits are the same in both locomotives 
or locomotive halves. 

The starting of a passenger locomotive is 
effected in the following manner: 

The current collecting bow is raised against 
the trolley wire (this is effected in the first 
place by using the hand air pump provided, 
but on subsequent occasions, after the compresser 
has been running, compressed air is available 
for die purpose). The main oil switch is then 


closed and this connects the high tension 
winding of the transformer to the line, so that 
low tension current becomes available for the 
control circuits. 

The operating circuits work at 120 volts 
(assumming a line voltage of 14,000) and are 
fed from terminal 16 on the main transformer. 

The supply for the control circuits is taken 
through conductor 17 to the controller, through 
fuses and throw over switches, the object of 
which will be described later. 

The reversing handle on the controller, which 
locks the main controller drum when in its ’’off” 
position is now turned to ’’forward” or ’’reverse”, 
which causes the main reversing switch to be 
operated and closed in the corresponding posis* 
tion. This can only be done when the main 
contacts are carrying no current. At the same 
time a segment on the reversing controller makes 
contact, so that conductor 20 becomes alive and 
also the control leads 22 and 25, which supply 
the operating coils of the compressor and ven^ 
tilator motors through switches and fuses, on 
the auxiliary control panel. 

Moving the reversing controller sets free the 
push buttons mounted on the cover of the 
controller, which open and close the oil switch. 
These push buttons are mechanically locked in 
the neutral position of the reversing handle. 
By pressing down the right hand button the 
oil switch in the further locomotive or locos^ 
motive half is closed by means of an electros* 
magnetically operated compressed air valve. The 
switch is opened again by pressing down the 
left hand button and current for this operation 
is supplied by a battery. The oil switch can in 
addition be opened and closed by hand direct;, 
it can also be closed by operating the air valve 
by hand. 

To start the locomotive the controller handle 
is first moved from the *'off” position into the 
preliminary running position. By this movement 
the nos:volt relay is first energised through the 
fingers and contacts 13—J on the controller 
drum. The supply of current to the nos*volt 
relay coil is dependent upon the reversing switch 
being properly closed and none of the motor 
contacters can be operated unless this is the case. 

The path taken by the current through the 
relay circuit is as follows: 

Conductor 17, fingers F or B on the reversing 
controller drum, F or B and F^ or B^ on the 
control circuit interrupter, F^ or B^ and N on 
the main reversing switch, one contact of the 
overload relay N, the other contact of the over^ 
load relay 111, 111 and 112 the pneumatic 
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Diagram of connections for the locomotives for the Riksgrans Railway. 







































































































































ASEA^JOURNAL 


59 



Fig. 3. 
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circuits, are provided with similar apparatus for the 
heating circuits, and the coils of the compressor 
and ventilator relay switches as before stated. 


Consfmciion of ihe apparatus. 

In all apparatus for use in railway work 
suitability of design is an extremely important 
point. The smallest mishap may upset the working 
of the whole system. The greatest care in the 
construction and erection is therefore, a primary 
consideration. 

The motor contactors which continually have 

to make and 
breakthe heavy 
current to the 
motors are the 
most important 
pieces of appa** 
ratus in the 
whole equips* 
ment. These as 
well as the other 
relay switches 
must be dess 
signed with 
consideration 
to the • great 
voltage variass 
tions which occur in practice (25 ^ to 30 ^), 
a problem which involves many constructional 
difficulties. 

This requirement in conjunction with the 
provision of a suitably heavy contact arm to 
deal with the working current, and a high 
pressure between the contacts, determines the 
construction of the contactors. Designs in which 
the weight of the contact arrangement and the 
contact pressure are thrown direct on the armature 
of the operating magnet are unsuitable. 

The reason for this is to be found partly in 
the weight of the armature and partly in the 



Fig. 4. Relay contactor. 



Fig. 5. Special sledge for removing the contacters from the frame. 



Fig. 6. Contactor switch. 


shape of the tractive curve for an AC electro^* 
magnet with damping winding. An example of 
such a curve is given in fig. 3. The appearance 
of this shows that during the last part of the 
movement when the extremities of the poles 
approach each other the power falls off con^* 
siderably, due to the effect of the damping 
winding. This occurs just when the magnet, 
having regard to the contact pressure, should 
be giving its maximum pull. The dotted line 
shows the tractive effort with DC. From an 
inspection of these diagrams it is obvious that 



Fig. 7. Interrupters for the operating current. 


the construction to be aimed at is one in which 
the magnet, in the position it is in when the 
switch is closed, can be loaded to the greatest 
extent. This is obtained by using a specially 
jointed lever between the operating magnet and 
the contact arm, a principle which has also been 
used in the construction of Asea’s newest type 
of relay contactor shown in fig. 4. Special 
sparking contacts are not provided, the current 
being broken at the main contacts. By providing 
a rolling action of the contacts mounted on the 
contact arm it is assured that both these and 
the fixed contacts shall be kept smooth and in 
good current carrying condition. All the magnetic 
pulf available has been fully utilised. 
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Fig. 8. Relay frame, front view. Fig. 9. Relay frame, back view. 


The auxiliary contactors close with a motion 
which causes the surfaces to rub together, ensuring 
good contact. The construction also allows two 

rows of fingers to 
be used (in addi:? 
tion to a large 
number of auxiliary 
contacts), the arran? 
gement being the 
simplest possible. 
The auxiliary con^^ 
tacts and the holders 
for the fingers are 

Fig. 10. Reversing contactor. mOUnted UpOU mi:: 

carta insulated iron 
bolts. The arcing 
shield is loosely 
supported and held 
in place by springs, 
so that no special 
tool is required for 
removing it. 

The relay con^ 
tactor is so designed 
that it can equally 
well be hung in the 
relay frame or sup:* 
ported from below- 
The method of 
hanging has been 
adopted however, 
as possessing greater 


advantages from the point of view of freedom 
from damage in the relay frame. In order to make 
it possible for one man, without difficulty, to 
remove one of these 
contactors from the 
frame, a special sledge 
has been designed for 
dismantling, the general 
appearance of which is 
shown by fig. 5. In 
most cases it is not 
necessary to remove the 
contactor any further 
than on to this sledge, 
as when it is so with^ 
drawn it is easily access 
sible and minor repairs 
can be easily effected. 

The smaller relay 
switches for the com:* 
pressor and ventilator 
motors are designed 
generally in a similar 
manner to the main 
motor contactors. 

The construction of 
the contactor switches 
and interrupter for the 
operating current will 
be clear from figs. 6 
and 7, Micarta insulated 
bolts have also been 





Fig, 12. Controller. 


Fig. 11. Oa switch. 
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Fig. 13. Diagram of connections for tlie Drammen Railway’s locomotives. 
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used to carry the contacts and fingers for these. 
The fingers are of similar pattern to those used 
for the auxiliary contacts on the motor contactors. 

All the apparatus so far referred to is mounted 
in a single relay frame of which fig. 8 shows 
the front and fig.. 9 the back. In this frame are 
also mounted the air pressure regulator, the 
pneumatic control circuit interrupter, and two 
panels with fuses and terminal connections. The 
hand operated contactor switches are worked 
when required by means of the crank handle 
taken from the reversing controller.. 

The reversing contactor, fig. 10, has been 
designed as an electromagnetically operated drum 

contactor, the segment 
and fingers in this case 
also being supported 
on micarta insulated 
bolts. The operating 
magnets or relays are 
of the same pattern as 
are used for the motor 
contactors. The whole of 
the magnet system with 
the toothed segment is 
removable. 

Fig. 11 showSj the 
main oil switch and 
fig. 12 the controller. 
The current collectors, 
isolating switches and 
coupling boxes for the 
control leads are well 
shown in the exterior 
view of the locomotive 
on page 38 of the June 
^ issue of the Aseajournal. 

In the locomotives 
for the Drammen Raih 
way the motor output 
is somewhat less, namely 
350 kW or 475 h.p. (one hour) and about 
290 kW or 390 h.p. continuous. In these loco^ 
motives also the two motors are permanently 



Fig. 14. Controller. 


connected in series. 

The connection diagram for these locomotives 
is shown in fig. 13 and although, as previously 
stated, the connections are generally similar to 
those in the Swedish State Locomotives, there 
are at the same time a number of differences 
worthy of note. These locomotives are not so 
designed that two can be operated from one 
controller. On this account the outside couplings 
for the control circuits, and the control circuit 
interrupters, are omitted. The number of running 
steps is in this case 17 and the number of 
motor contactors 18. The correct operation of 
these is here also insured by thorough inter:* 



locking. An arrangement has been used to make 
it possible to uncouple one motor if a breakdown 
should occur. This disconnection can be made 
by removing a simple connecting link. This 
consists of a copper bar which is connected as 
necessary, so that either both motors are in circuit 
or only one of them. The location of the 
necessary links is clear from the diagram. By 
breaking the connection MSi~-MS 2 the supply 
of operating current to the motor contactors is 
broken if the driver tries to turn the controller 
beyond running position 8 when working with 
only one motor. In this way the motor cannot 
be subjected to too high a voltage. 

On the main transformer a suitable terminal 



Fig. 16 . Relay frame.. 
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Fig. 17. Auxiliary panel, front side. 


in the middle has been earthed so as to reduce 
the voltage to earth at the motors. 

In addition to the motor controller, fig. 14, 
there is a vacuum brake controller, fig. 15, in 
each driving compartment. This last takes the 
place of the usual brake valve in a compressed 
air brake system, but controls at the same time, 
through electric contacts, the main and auxiliary 
vacuum pump motors in such a way that in the 
position *’run’* only the small auxiliary pump 
is connected and in the position ’’release” the 
auxiliary and vacuum pumps operate together. 
When braking begins, and in the brake cons 
troller’s ’’neutral” position both motors are discon:* 
nected. The handle of this controller can be 
removed when in the ’’neutral” position. The brake 
controller is locked in this position when the 
handle is taken away. For both brake controllers 
on each locomotive only one handle is provided 
and similarly there is only one handle each for 
the reverser and controller. Braking and driving 
can accordingly only be carried out from one 
position at a time. 

Although the vacuum brake system is used 
a small coihpresser is also provided on the 
locomotive with compressor relay switch and 
compressed air regulator for certain . auxiliary 
devices, such as the sanding apparatus, the 
whistle, raising the pantographs and closing the 
main oil switch. Contrary to the arrangement 
in the Swedish State Railway locomotives the 


closing'^of the main oil switch is effected direct 
by depressing the air valve. The opening of 
the switch is however effected in the same way 
as in the Swedish State locomotives. 

Besides current for the motors the transformer 
also supplies current for wafming the train, 
which - is conducted to the coaches through 
couplings at each end of the locomotive. The 
heating current may be up to about 250 amps 



Fig. 18. Auxiliary panel, back side. 


at a voltage of approximately 500. The control 
circuit voltage is about 200 with 15,000 volts 
on the trolley wire. 

Fig. 16 shows the relay frame. The construc;« 
tion of the contactors corresponds to those on 
the Swedish State Railway equipments and the 
removal of a contactor is effected in the same 
way (Fig. 5). 

The auxiliary panel is shown in fig. 17, fig. 18 
being a back view. The relay switches are of 
the same type as for the Swedish State. Railway 
locomotive. 

The high tension leading through insulator 
and disconnecting link are combined in the 
Drammen locomotive into a single apparatus. 

A general view of the locomotive is shown 
on the front page of this issue. The mounting 
of the current collectors pd the high'tension 
leads, as also the heating circuit couplings are 
clearly visible in this potograph. 



Vesteras, 1924, Vestmanlands Allebanda Printing Co. 
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ASEA’S CONTINUOUS CURRENT MACHINES, 


When the company commenced work in the 
year 1883 the first machines built by Asea were 
DC machines. The construction of these was 
based upon the inventions patented by Jonas 
Wenstrom, who was at 
that time the Chief 
Engineer to the com;« 
pany. The most im^ 
portant and epoch 
making of the innova:* 
tions introduced by him 
consisted in placing the 
armature windings in 
slots in the sheet iron 
stampings, of which 
the armature was built 
up, a principle which 
has since been used 
to an enormous extent in all kinds of electrical 
machinery. As regards their magnetic features 
these machines were ’*modern*’, having low pole 
cores and short magnetic flux paths. These early 
machines were characterised besides by their 
strength and solidity in mechanical respects, 
which was very marked by comparison both 
with foreign machines and with those turned 
out by Swedish competitors. 



Fig. 1. DC machines of Wenstrom type. 


The general appearance of these types, which 
were built between 1883 and 1886 in 9 sizes 
ranging from 0.9 to 23 kW can be gathered 
from the working drawing reproduced in fig. 2. 

Many of these machines 
are still in use. 

Based on the ex*s 
perience gained with 
the foregoing, Wen#* 
Strom in 1889 con#^ 
structed a second series 
of DC machines in 9 
sizes between 1.65 and 
44 kW. These were 4 
pole machines. They 
possessed great over#* 
load capacity and were 
noteworthy for their 
particularly sound mechanical construction and 
their characteristic and striking appearance. They 
were built in very large numbers and became 
generally known as the "Wenstrom Well Known 
Type", fig. L 

From 1880 these machines were supplied in 
great numbers for electric lighting plants in 
towns, factories, etc. only. From 1890 onwards, 
plants for the transmission and distribution of 
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Fig. 3. Interior of the Stockholm Supers Phosphate Co. power station at Mansbo, Sweden, built in 1893—96. 


power were equipped and the Wenstrom type 
found a further field of application. Several 
installations of this kind in connection with 
workshops, saw mills, paper mills etc. were laid 
down in Sweden, and a power transmission 
scheme from a 60 h.p. water turbine to a paper 
mill 3 km away at 1,300 volts DC may be 
specially mentioned. At the beginning of the 
*90s also, the first electric locomotive ever built 
in Sweden was supplied for use on a light 
railway at a wood pulp mill. 

As will be seen from the illustrations, Wen^s 
Strom from the very first adopted the principle 
of construction with radial poles placed inside 
a circular yoke, which afterwards became standard 
all over the world for DC machines. 

A number of different types of machines 
outside the standard series of Wenstrom dynamos 
were made, after the company had moved to 
the new workshops in Vesteras in 1892. This was 
necessary, partly because plants were put down 
for which the largest types in the standard 
series were inadequate, and partly as great 
efforts were made soon after 1890 to produce 
machines in larger sizes to correspond to. the 
requirements of the time. The period was not 


a good one for the DC system, chiefly because 
the three phase system had just come to the 
front and in all quarters was absorbing the 
chief part of the interest. All ejSfort and thought 
was transferred to the development of three 
phase machines and DC machines were put to 
some extent into the shade. 

For electrolytic work however, the three phase 
system could not be used and this field was 
left open for the DC machine. The largest DC 
machines which Asea supplied during the ’90s 
were made for this special work and may well 
be shortly referred to. 

The chief plants of this kind were at Stock:« 
holm Super?!phosphate Works at Mansbo, Dab 
elven, which was equipped in 1893 with 8 DC 
generators, each for 1,200 amps at 115 volts 
and 265 r.p.m., and in 1896 with a further 5 
generators, each of 1,400 amps and 160 volts 
at 235 r.p.m. (fig. 3) and the Finish Electro** 
Chemical Co. at Imatra to which in 1898 5 ge** 
nerators were supplied, each for 2,000 amps at 
110 volts and 133 r.p.m. (fig. 4). 

The generators for the above installations and 
a number of lesser sizes were furnished with 
the armature winding patented by Sayers in 1891, 
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Fig. 4. Interior of the Finish Electro Chemical Co. power station at Imatra built in 1898. 


with special commutating coils laid in the arma:* 
ture;^slots, Asea having obtained the right to 
make use of this patent in Sweden, According 
to modern ideas 
the arrangement 
employed was not 
quite satisfactory, 
but at that time 
it was one of the 
bestmeans known 
for overcoming 
the difficulties txa 
perienced in corns* 
mutation in these 
large machines, 
which were mo** 
rebver furnished 
with copper 
brushes, on acs* 
count of the heavy 
current. 

Another means 
of improving 
commutation was 
the compensating 
winding, which 
consisted of a 
winding carrying 
the main load 



Fig. 5 . Continuous current motor type DMB, 1901. 


current of the machine and placed in slots in 
the pole shoes. This principle was patented in 
1884 by Menges and was experimented with 

by Ryan and Deri 
among others in 
1893 and 1900 
respectively, but 
did not come into 
its own until it 
was used at a later 
date in conjuncs* 
tion with com** 
mutating poles. 
During the ’90s 
Asea built several 
machines with 
such windings; 
the first occasion 
being when the 
Stora Koppar^ 
bergs Bergslags 
Co. in 1896 
placed an order 
for 8 motors, each 
of 30 h.p. at 300 
volts and 550 
r.p.m. for driving 
hoists for lifting 

tiotor type DMB, 1901. charpoal to the 
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Fig. 6. 750 kW DC generator for Alby Chlorate Works, 1899. 

furnaces , at Domnarvet. This contract embodied 
the following requirements: ’’Only the slightest 
amount of sparking is to occur with the brushes 
in the neutral position, even should the current 
increase to 50^ above the normal. The brush 
gear and other details shall be so arranged that 
the direction of rotation can be changed quickly 
and without inconvenience. The machines to 
operate equally well in either direction and to 
be equipped with carbon brushes”. To meet these 
requirements motors were built of the 4 pole 
type with laminated fields and with the salient 
poles provided with compensating winding, and 
with the shunt winding spread over the pole in 
the same slots as the compensating winding. 
(This last arrangement is embodied in Deri’s 
patent of 1900.) One of these interesting motors 
is now in Asea’s museum. The generators for 
this plant (330 volts, 400 amps, 300 r.p.m.) 
were also furnished with compensating windings. 
Another similar generator was delivered in 1898 
to Tammerfors for 1,400 amps at 120 volts and 


steam engines in central stations for lighting 
purposes and running at relatively low speeds. 
At this time also the smallest types were deve** 
loped down to 0.2 h.p. 

Although during this time Asea’s designers 
put in the greater part of their work and in«» 
terest on the development of the three phase 
machines they also spared time for the DC 
machines and their commutation problems. The 
result was not apparent by the production of 
any new series of machines (similar to the 
Wenstrom series) but was shown in the con^ 
struction of the generators which were furnished 
for electrolytic purposes, which marked a conn 
siderable step forward in development. It must 
also be remembered that the arrangements made 



Fig. 7. DC generator, 1904. 

in these machines for improving the commuta«: 
tion must be looked upon as research work. 
The proportion of the large machines was care^* 
fully considered and constituted a considerable 
advance in itself, as is demonstrated by the fact 
that the machines both at Mansbo and Imatra 
among others are still in every day use as also 
are some of the hoist motors at Domnarvet. 

The large Wenstrom types were improved at 
the close of the ’90s by being provided with 
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circular yokes of cast 
steel with radial poles 
all provided with field 
coils. Meanwhile as 
further improvements 
were shown to be 
necessary, a new series 
DMB-DLB was brought 
out in 1900—1902 in 
sizes from 10 to 300 
kW. The outstanding 
features of this series 
were that the armature 
coils were former wound 
and laid in rectangular 
slots. The commutators 
were of larger diameter 
and provided with more 
segments than had been 
previously used, while 

carbon brushes were Fig. 9 . dc gen- 

employed exclusively. 

The yoke, of cast steel, was circular and rested, 
together with the pedestal bearings, on a box 


Fig. 9. DC generator type LD, 1906 


ring fixed to the yoke. 
The air gap was relays 
tively large, the ratio 
between the armature 
and field ampere turns 
well edhsidered, so that 
as a result the machines 
behaved exceedingly 
well with regard to 
commutation, and at 
different loads only a 
very small amount of 
brush shifting was re** 
quired. 

The most noteworthy 

large machines produced 

between the years 1899 

and 1901 were three 

. . generators for Alby 

Chlorate Works, which 

or type LD, 1906. Were wound for 220 

volts, 3,400 amps at 

200 r.p.m. and provided with gauze brushes, 

fig. 6. These machines are still in use and 
1 . . 


L J 1 j. rci 4*1 1 -® t 1 Z, die aim m uac anu 

bedplate trig.. Sj. The poles were built up of during their many years service have worn out 

... 1_ _ 1 _ . . ^ /I ^ _ 


laminations and secured to the yoke by screws. 
The brusholders were of a new pattern and 
were supported on brush spindles from a rocker 


one or two sets of commutator segments. Two 
further generators supplied at this time were 
installed by the Stockholm Southern Tramways 
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Co., which were each for 
165 kW at 575 volts and 
150 r.p.m. with carbon 
brushes and small ar^ 
mature reaction, giving 
accordingly pafticularly 
good commutation. 

It was after the critical 
industrial years 1901— 

1903, that the demand 
for DC machines first 
assumed such proportions 
that mass production 
could be considered for 
the smaller sizes. The 
reasons for the greater 
utilisation of the DC ? 
system, which was found 
by degrees to be com^ 
parable in its own do^ 
main with the AC system, 
are to be found in the 
increased demand and in 
the decided improvements which were made in 
the years immediately preceding. Power stations, 
especially in the large towns increased in size, 



Fig. 11. DC mnchine type K. 


following the introduces 
tion of satisfactory me:? 
tallic filament lamps, also 
electric tramways were 
constructed; and as small 
industries developed to 
an ever increasing extent 
they found it more econo:? 
mical to purchase electric 
motive power from the 
central stations than to 
produce it in isolated 
plants. For these central 
station plants DC was 
found to be very suitable, 
chiefly on account of the 
certain, and immediately 
available, reserve which 
could be obtained by the 
installation of a storage 
battery. The DC system 
further found a most 
natural use in plants where 
continuous speed regulation was required, as in 
colliery winders, rolling mills, certain paper 
making machinery, etc. Of the striking improve:? 



Fig. 12,. DC rootpr maximum output 7,000 kW at Doranarvet Iron Works, Sweden. 
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Fig. 13. Section of yoke with interpoles. 


ments obtained by the use of interpoles more 
will be said further on. 

In 1904 and the years immediately following 
Asea built many large machines for electric 
power stations in Gothenburg, Stockholm, Malmo, 
Uppsala, Jonkoping etc. as well as for various 
factories, fig. 7. Commutation continued to 
occasion considerable difficulty and thought, but 
as high speeds were not in demand designers 
were content to devote themselves to suitably 
dimensioning the pole shoes, providing a large 
air gap and using carbon brushes, points which 
in general ensured good operation, as brush 
shifting with varying loads was in general per^^ 
mitted. At this time also, methods of calculation 
and design were much improved, particularly 
in the direction of commutation. 

The whole series of DC machines was at this 
time newly constructed and made more homo;* 
geneous, the different details being standardised 
to conform to the organisation of the shops on 
modern lines to meet the needs of mass pro^ 
duction. This series of types were made in 
12 sizes from L 2, O.s kW to L 300, 60 kW 
and were constructed with circular yokes of 
cast steel, provided with supporting feet, large cir^ 
cular wrought iron poles, with laminated pole 
shoes, end bearing brackets and brush rockers 
carrying brush spindles fixed on the inside of 
the bearing, which construction was found to 
be cheapest and most suitable for production 
in quantities, fig. 8. The brushholders were of 
a new design, carbon brushes being used and 
made a sliding fit in the holders. Of these types 


large numbers were made during the years 
1904*—1912 and entirely displaced the earlier 
types of corresponding sizes. 

The series was later extended by the addition 
of 5 sizes LD 400 to LD 800, arranged for 
direct coupling to steam engined, Diesel engines, 
and similar prime movers, running at a relatively 
low speed. These last machines were multipole 
and provided with pedestal bearings and bed;* 
plates, fig. 9. 

The provision of interpoles for all sizes of 
DC machines constituted an epoch in deve:^ 
lopment. The commutation problem was thereby 
for the time being definitely solved and good 
commutation was secured, which was quite 
independant of the strength and distribution of 
the main field, which made the use of DC 
machines possible under the most varying con^ 
ditions of overload, and voltage and speed 
regulation. 

As long ago as the close of the ’80s Jonas 
Wenstrom had conducted research work with 
interpoles, (i. e. poles placed between the main 
poles and provided with windings through which 
the load current of the machine was circulated), 
on one of his machines. When the machine 
with this arrangement was tested it was reported 
that it did not run better than it had done 
before the interpoles were fitted and the matter 



Fig. 14. Section of yoke with interpoles and compensating windings. 
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Fig, 15, Ilgncr set at Domnarvet Iron Works, Sweden. 


was allowed to drop without any further inn 
vestigation, which is easily explained when one 
bears in mind that at that time the tests carried 
out on finished machines were not of a very 
searching character and also that the designing 
offices and shops were situated in different 
towns, so that they could not coj*operate together 
particularly well in work of this kind. 

Further research on interpoles was done in 
1900 on a special type of motor provided 
with speed regulation for driving machine tools 
and the results were in this case judged to be 
very good, but as the manufacture of this par^ 
ticular type of motor was soon afterwards diss* 
continued the idea of commutating poles was 
placed on one side, if not altogether forgotten. 

The advent of the new century was marked 
by a great deal of work by technical men in 
various countries on the commutation problem, 
as the many books, articles and discussions 
published at that time bear witness. One result 
of this was that the possibility was realised of 
neutralising selfdnduction and hastening the 
reversal of current in the short circuited coils 
by causing them to move in a commutating 
fields the strength of which was proportional to 
the load current of the machine. It was observed 
that this fifld could be obtained by placing 


commutating poles between the main poles and 
furnishing them with a winding through which 
the main current passed. Complete methods 
were worked out for the calculation of these 
poles. The year 1905 saw these ideas generally 
known and machines with interpoles being made 
in several localities. In 1905 Asea carried out 
a very complete test on a 4?pole machine of 
type L 150 having 4, 2, and 1 commutating 
poles and after that time they were often used 
on machines where commutating difficulties were 
to be expected, such as among others, the 5 
motor generators supplied in 1907 to the Stocks* 
holm Electricity Works, which were each of 
1,000 kW, 440--600 volts, 245 r.p.m., fig. 10. 
For tramway motors Asea was among the first 
firms to employ interpoles and the motors des* 
livered in 1906 for the Jonkoping tramways 
were furnished with them. 

With the production of *’L’* types came a time 
when the requirements of fixed brush position 
and sparkless commutation, even at heavy loads, 
greatly increased the necessity for interpoles, 
and these were more often fitted, especially as 
high voltages and speeds were more in demand. 
About 1910 it was found desirable to reconstruct, 
and standardise the whole series of DC machines 
anew, with special regard to the experience 






rig. 16. Colliery winder at the Skanskn Kolbr^ings A,B,, Ormastorp, Sweden, 150 kW, 32 r.p.m, 

.gained during the preceding years with inters^ at first also with the larger types (with pedestal 

poles and the result was the ”K” series, which bearings), only half as many interpoles as main 

embodies 50 types covering from O .2 kW up poles were used in order to save material, but 

to the largest outputs, figs. 11 and 12. With it was soon shown to be economical to employ 

the smaller types, (with end shield bearings) and the full number of interpoles on account of the 



Fig. 17. Large colliery winder at Orkla Mines in Norway driven by two motors each 530 kW maximum, 30 i.p,.m. 
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fig. 18. Leonard set for paper machine motor at Hallsta Paper Mills, Sweden. 


the most important of these special 
fields of use being shortly referred 
to, and illustrated by a few repre^ 
sentative photographs. 

It is chiefly the property of 
easy speed variation with well 
maintained efficiency which has 
enabled the DC shunt motor to 
be adopted with great advantage 
when very varying running res* 
quirements are in question. Speed 
regulation can either be obtained 
by varying the strength of the 
field (shunt regulation) or by 
varying the voltage supplied to 
the armature. In the latter case if 
there is a DC supply available at 
constant voltage a variable voltage 
can be obtained by connecting an 
auxiliary generator, the voltage of 
which can be altered, in series 


better commutation properties obtained (fig. 13), 
in certain cases in combination with compens* 
sating windings (fig. 14), which now came for 
the first time into their full rights and became 
of great significance. 

A specially noteworthy installation *was one 
at Domnarvet Iron Works, where the complete 
electrification was carried out in 1915 for a 750 


with the motor to be regulated (’’buck and 
boost” principle). On the other hand if only 
AC is available an AC motor can be used to 
drive a DC generator whose voltage can be 
altered and which supplies current to the armature 
of the variable speed motor (Leonard principle); 
in this case also a simple equalising of large 
load variations can be obtained by using a 


mm reversible rolling mill. For this Asea supp^* 
lied a motor generator with a 48 ton flywheel, 
fig. 15, and a reversible motor for a maximum 
load of 7000 kW, fig. 12, switchgear and 
auxiliaries. These machines are furnished with 
both commutating poles and compensating wind^ 


flywheel with the motor generator set (Ilgner 
principle). 

For colliery winders and reversing rolling 
mills the Leonard and Ilgner systems have been 
largely used and have chiefly made possible 
the large plants of this kind which have been 


ings and have fulfilled all gua:* 


rantees covering rapid reversing 
(at least 24 times per minute), 
high overload capacity and great 
dependability. 

During the last few years 
further improvements have been 
made in the whole series of K 
types, in which the experience 
gained in the past 40 years has 
been applied to obtain truly first 
class machines with good characs* 
teristics and great dependability 
in operation. 

Besides the more or less ”nor«* 
mal” and standardised DC- man 
chines mentioned above, Asea 
has. supplied year by . year many 
generators and motors for installa«* 
tion where DC machines show 
advantages over AC on account 
of special characteristics. Consi** 
derations of, space allow of only 



Fig. 19. Paper machine motor and switchgear at Hallsta Paper Mills, Sweden. 
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Fig. 20. Russian steamer Vandal owned by Nobel Bros, 190i. 


turned out. Figs. 16 and 17 show some examples 
of colliery winders. The machines for the 
reversing rolling mills at Domnarvet Iron Works 
have already been referred to. 

Another region in which the regulating me^ 
thods described have been of great importance 
is in connection with the driving of machines 
used in paper manufacture and installed in 
paper mills. With these paper machines it is 
first of all necessary to be able to arrange to 
run at different speeds to suit the various kinds 
of paper being made and secondly when the 



Fig. 21. Machinery compartment of 250 h.p, Diesel electric locomotive. 


most suitable speed has been obtained to maintain 
this constant for a considerable time. For this 
last requirement the shunt motor is very suitable 
when used in conjunction with an automatic 
regulator. As long ago as the middle •90s Asea 
furnished such plants with motors having shunt 
regulation. Later on shunt regulation was used 
in conjunction with a change over switch, ars^ 
ranged for two different voltages and ’’series 
parallel” connection of the motors two windings, 
and by this method a speed variation of 1:8 
could be obtained at the motor. Soon however 
the advantages were realised of using generators 
with voltage regulation and in the last 20 years 
many installations have been supplied, both on 
the ’’buck and boost” and Leonard systems. 
Figs. 18 and 19 are two illustrations of a large 
paper mill employing driving motors dimensioned 
for 200 kW on the Leonard system. 

The Leonard principle is also used for ship 
propulsion and was found particularly serviceable 
before satisfactory reversible internal combustion 
engines were constructed. Generators are driven 
continuously by internal combustion engines and 
the supply voltage is regulated as necessary, the 
power developed being taken to a motor coupled 
direct to the propeller shaft. Manoeuvering 
and reversing is particularly simple and can 
be done direct from the bridge where the shunt 
resistance for the generator is placed. Fig, 20 
shows one of three Russian vessels which were 



Fig. 22. Ventilated railway motor, 45 kW, with air filter. 
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Fig; 24. Aarhus Electricity Works, Denmark, two cascade converters 1,000 kW. 
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equipped in 1904 with 
machinery of this kind. 

They were provided 
with three propeller 
shafts, the motors of 
which each absorb 
80 kW. 

In this connection 
may also be mentioned 
the system developed 
by Asea for power 
transmission in Diesel 
electric locomotives. 

The Diesel engine cars^ 
ried in the vehicle 
drives a DC generator, 
which is sel&exciting 
and can be motored 
off the lighting battery 
for starting the engine. 

When running it supplies energy at variable 
voltage to motors coupled to the driving wheels. 
The motors are in this case series motors on 
account of the good properties possessed by 
this class of machine for railway work. Fig. 21 
shows the machinery compartment of such a 
Diesel locomotive of 250 h.p. and fig. 22 a 
railway motor such as is used, and which ge:* 
nerally resembles the motors usually employed 


in tramway and raih 
way service. 

For converting the 
power obtained from 
the large AC networks 
to DC at constant voh 
tage, in electric power 
stations, factories and 
similar installations 
many large units, such 
as motor generators, 
cascade converters, and 
rotary converters have 
been produced. Space 
will not allow the 
development of these 
machines to be fob 
lowed for instance on 
the lines of the in:^ 
creased speeds em** 
ployed, but a few characteristic photo?* 
graphs are reproduced, i. e. a motor generator 
set for 2,000 kW in fig. 23, two cascade con:* 
verters each of 1,000 kW in fig. 24 and a 
1,500 kW rotary converter in fig. 25. 

As a standby and also for smoothing out load 
variations accumulator batteries are used at con** 
verting stations in certain cases and these some? 
times demand the installation of special DC ma? 



Fig, 25. 1,500 kW rotary converter for Noerkoping Electricity Works, 
Sweden. 



Fig. 26. Stockholm'-Saltsjon Railway converter station, Sweden, 1,200 volts DC. 
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chines to regulate the charge and 
discharge of the battery. A case 
of special interest is that in which 
the machines are so arranged that 
the battery charge and discharge is 
automatically c<fetroUed, and this 
arrangement is suitable for plaints 
where very rapid variations occur 
in the load. Fig. 27 shows machinery 
of this kind installed at Fagersta 
Bruk, with the object of making 
an accumulator battery take up the 
variations caused by a rolling mill 
in the load on the power station. 
The great advantage which is ob:^ 
tained is that the load on the power 
station is kept practically constant. 



Fig. 27. Interior of Fagerstn Bruks converter station, Sweden. 



Fig. 28. Double generator installed in the Electricity Works at Cadiz, Spain. 


In this connection it is well to 
recall the many complete installas» 
tions supplied by Asea for driving 
tramways and light railways, chiefs 
ly designed for 600 volts and 
furnished with DC generators 
direct coupled to steam engines, 
or converters. Among these in<s 
stallatioiis the Stockholm^Saltsjon 
railway occupies a noteworthy 
position. This line was electrified 
in 1913 on the DC system at 
1,200 volts and Asea supplied 
the whole equipment of motor 
generators wound for 1,350 volts, 
fig. 26, automatic boosters for 



Jplg* 29. 750 h.p. steam turbine direct coupled to two DC generators each of 250 kW, 2,000 r.p.m., 220 volts. 
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battery charge and discharge, and 8 bdgie 
motor cars for 600 h.p., fig. 30. 

Lastly special DC turbo generator sets may 
be referred to consisting of generators driven 
by high speed steam turbines. Twentyfive 
years ago when De Laval steam turbines were 
constructed for large outputs for the first time, 
the turbine speed was reduced by gearing to 
about 1,000 r.p.m. in two shafts, one arranged 
on each side of the turbine shaft, and a double 


generator was used, as shown in fig. 28. Later 
turbines were built for a speed of about 3,000 
r.p.m. and direct coupled to generators (fig. 29). 
This speed is nevertheless exceedingly high 
for economical and favourable proportioning 
of DC machines and the tendency of later 
years accordingly has been to lower the turi« 
bine speed by the use of gearing. By this 
means a DC generator of normal design can 
be employed. 



Fig. 30. Rail motor coach 600 h.p. 



Vesterls 1924, Vestmanlands Allehanda Printing Co. 
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ASEA’S CONTINUOUS CURRENT MACHINES. 


,^hen the company commenced 'work in the 
year 1883 the first machines built by Asea were 
DC machines. The construction of these .was 
based upon the inventions patented by Jonas 
Wenstrom, who was at 
that time the Chief 
Engineer to the corns* 
pany. The most im** 
portant and epoch 
making of the innovas* 
tions introduced by him 
consisted in placing the 
armature windings in 
slots in the sheet iron 
stampings, of which ^ ^ 

the armature was built 

up, a principle which Fig. i. dc machi 

has since been used 



Fig. 1. DC machines of Wenstrom type. 


The general appearance of these types, which 
were built between 1883 and" 1886 In 9 sizes 
ranging from 0.9 to 23 kW can be gathered 
from the working drawing repjpoduced in fig. 2. 

Many of these machines 
are still in use. 

Based on the exs* 
perience gained with 
the foregoing. Wen** 
Strom in 1889 con** 
structed a second series 
of DC machines in 9 
sizes between 1.65 and 
44 kW. These were 4 
pole machines. They 
possessed great over^ 
of Wenstrom type. load Capacity and were 

noteworthy for their 


to an enormous extent in all kinds of electrical 
machinery. As regards their magnetic features 
these machines were ’’modern”, having low pole 
cores and short magnetic flux paths. These early 
machines were characterised besides by their 
strength and solidity in mechanical respects, 
which was very marked by comparison both 
with foreign machines and with those turned 
out by Swedish competitors. 


particularly sound mechanical construction and 
their characteristic and striking appearance. They 
were built in very large numbers and became 
generally known as the ’’Wenstrom Well Known 
Type”, fig. 1. 

From 1880 these machines were supplied in 
great numbers for electric lighting plants in 
towns, factories, etc. only. From 1890 onwards, 
plants for the transmission and distribution of 






























Fi/j. 3. Interior of the Stockhbim Supcr^Fhosphate Co. power station at Mansbo, Sweden, built in 1893—96. 


power were, equipped and the Wenstrom type 
found a further field of application. Several 
installations of this kind in connection with 
workshops, saw mills, paper mills etc^ were laid 
down in Sweden, and a power transmission 
scheme from a 60 h.p. water turbine to a paper 
mill 3 km away at 1,300 volts DC may be 
specially mentioned. At the beginning of the 
’90s also, the first electric locomotive ever built 
in Sweden was supplied for use on a light 
railway at a wood pulp mill. 

As will be seen from the illustrations, Wens* 
Strom from the very first adopted the principle 
of construction with radial poles placed inside 
a circular yoke, which afterwards became standard 
all over the world for DC machines. 

A number of different types of machines 
outside the standard series of Wenstrom dynamos 
were made, after the company had moved to 
the new workshops in Vesteras in 1892. This was 
necessary, partly because plants were put down 
for which the largest types in the standard 
series were inadequate, and partly as great 
effosts were made soon after 1890 to :g^roduce 
machines in larger sizes to correspond " to the 
requirements of the time. The period was* not 


a good one for the DC system, chiefly because 
the three phase system had just come to the 
front and in all quarters was absorbing the 
chief part of the interest. All effort and thought 
was transferred to the development of three 
phase machines and DC machines were put to 
some extent into the shade. 

For electrolytic work however, the three phase 
system could not be used and this field was 
left open for the DC machine. The largest DC 
machines which Asea supplied during the ’90s 
were made for this special work and may well 
be shortly referred to. 

The chief plants of this kind were at Stocks 
holm Super:*phosphate Works at Mansbo, Dab 
elven, which was equipped in 1893 with 8 DC 
generators, each for 1,200 amps at 115 volts 
and 265 r.p.m., and in 1896 with a further 5 
generators, each of 1,400 amps and 160 volts 
at 235 r.p.m. (fig. 3) and the Finish Electro** 
Chemical Co. at Imatra to which in 1898 5 ge** 
nerators were- supplied, each for 2,000 amps at 
110 volts and 133 r.p.m. (fig. 4). 

^he generators for the above installations and 
a number of lesser sizes were furnished with 
the armature winding patented by Sayers in 1891, 
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Fig, 4. Interior of the Finish Electro Chemical Co. power station at Imatra built in 1898. 


with Special commutating coils laid in the arma;* 
tures^slots, Asea having obtained the right to 
make use of this patent in Sweden. According 
to modern ideas 
the arrangement 
employed was not 
quite satisfactory, 
but at that time 
it was one of the 
best means known 
for overcoming 
the difficulties ex:« 
perienced in com:* 
mutation in these 
large machines, 
which were mo? 
reoveir furnished 
with, copper 
brushes, on ac? 
count of theheavy 
current. . 

Another means 
of improving 
commutation was 
the compensating 
winding, which 
consisted of a 
winding carrying 
the main load 


current of the machine and placed in slots in 
the pole shoes. This principle was patented in 
1884 by Menges and was experimented with 

by Ryan and Deri 
among others in 
1893 and 1900 
respectively, but 
did not come into 
its own until it 
was used at a later 
date in conjunc? 
tion with com? 
mutating poles. 
During the ’90s 
Asea built several 
machines with 
such windings; 
the first occasion 
being when tke 
Stora Koppar? 
bergs Bergslags 
Co. in 1896 
placed an order 
for 8 motors, each 
of 30 h.p. at 300 
volts and 550 
r.p.m. for driying 
hoists for lifting 
charcoal to the 



Fig. 5. Continuous currcnt_^TOotor*type DMB', 1901, 
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Fig, 6. .750 kW DC generator for Alby Chlorate Works, 1899. 

furnaces at Domnarvet. This contract embodied 
the following requirements: ’’Only the slightest 
amount of sparking is to occur with the brushes 
in the neutral position, even should the current 
increase to SO % above the normal. The brush 
gear and other details shall be so arranged that 
the direction of rotation can be changed quickly 
and without inconvenience. The machines to 
operate equally well in either direction and to 
be equipped with carbon brushes”. To meet these 
requirements motors were built of the 4 pole 


steam engines in central stations for lighting 
purposes and running at relatively low speeds. 
At this time also the smallest types were deve«! 
loped down to O .2 h.p. 

Although during this time Asea’s designers 
put in the greater part of their work and ins^ 
terest on the development of the three phase 
machines they also spared time for the DC 
machines and their commutation problems. The 
result was not apparent by the production of 
any new series of machines (similar to the 
Wenstrom series) but was shown in the con^ 
struction of the generators which were furnished 
for electrolytic purposes, which marked a con:* 
siderable step forward in development. It must 
also be remembered that the arrangements made 



Fig. 7, DC generator, 1904. 


type with laminated fields and with the salient 
poles provided with compensating winding, and 
with the shunt winding spread over the pole in 
the same slots as the compensating winding. 
(This last arrangement is embodied in Deri’s 
patent of 1900.) One of these interesting motors 
is now in Asea’s museum. The generators for 
this plant (330 volts, 400 amps, 300 r.p.m.) 
were also furnished with compensating windings. 
Another similar generator was delivered in 1898 
to Tammerfors for 1,400 amps at 120 volts and 


in these machines for improving the commuta:* 
tion must be looked upon as research work. 
The proportion of the large machines was care:* 
fully considered and constituted a considerable 
advance in itself, as is demonstrated by the fact 
that the machines both at Mansbo and Imatra 
among others are still in every day use as also 
are some of the hoist motors at Domnarvet. 

The large Wenstrom types were improved at 
the close of the ’90s by being provided with 
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circular yokes of cast 
steel with radial poles 
all provided with field 
coils. Meanwhile as 
further improvements 
were shown to be 
necessary, a new series 
DMB-DLB was brought 
out in 1900—1902 in 
sizes from 10 to 300 
kW. The outstanding 
features of this series 
were that the armature 
coils were former wound 
and laid in rectangular 
slots. The commutators 
were of larger diameter 
and provided with more 
segments than had been 
previously used, while 
carbon brushes were 
employed exclusively. 

The yoke, of cast steel, was circular and rested, 
together with the pedestal bearings, on a box 
bedplate (fig. 5). The poles were built up of 
laminations and secured to the yoke by screws. 
The brusholders were of a new pattern and 
were supported on brush spindles from a rocker 


ring fixed to the yoke. 
The air gap was rela^ 
tively large, the ratio 
between the armature 
and field ampere turns 
well cortisidered, so that 
as a result the machines 
behaved exceedingly 
well with regard to 
commutation, and at 
different loads only a 
very small amount of 
brush shifting was re** 
quired. 

The most noteworthy 
large machines produced 
between the years 1899 
and 1901 were three 
generators for Alby 
Chlorate Works, which 
were wound for. 220 
volts, 3,400 amps at 
200 r.p.m. and provided with gauze brushes, 
fig, 6. These machines are still in use and 
during their many years service have worn out 
one or two sets of commutator segments. Two 
further generators supplied at this time were 
installed by the Stockholm Southern Tramways 



Fig. 9. DC generator type LD, 1906. 



Fig. 10. Interior of the .Thule station of the Stockholm electricity works for which Asea in 1907 delivered five 1,000 kW motor generators. 






ASEA^JOURNAL 


71 


Co., which were each for 
165 kW at 575 volts and 
150 r.p.m. with carbon 
brushes and small ar:* 


mature reaction, giving 
accordingly particularly 
good commutation. 

It was after the critical 
industrial years 1901— 

1903, that the demand 
for DC machines first 
assumed such proportions 
that mass production 
could be considered for 
the smaller sizes. The 
reasons for the greater 
utilisation of the DC 
system, which was found 
by degrees to be com^ 
parable in its own do** 
main with the AC system, 
are to be found in the 
increased demand and in 
the decided improvements which were made in 
the years immediately preceding. Power stations, 
especially in the large towns increased in size. 



Fig. 11. DC machine type K. 


following the introduce 
tion of satisfactory 
tallic filament lamps, also 
electric tramways were 
constructed; and as small 
industries developed to 
an ever increasing extent 
they found it more econo^^ 
mical to purchase electric 
motive power from the 
central stations than to 
produce it in isolated 
plants. For these central 
station plants DC was 
found to be very suitable, 
chiefly on account of the 
certain, and immediately 
available, reserve which 
could be obtained by the 
installation of a storage 
battery. The DC system 
further found a most 
natural use in plants where 
continuous speed regulation was required, as in 
colliery winders, rolling mills, certain paper 
making machinery, etc. Of the striking improve** 



Fig. 12, DC motor maximum output 7,000 kW .at Domnarvet Iron Works, Sweden. 
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Fig. 13. Section of yoke with interpoles. 


ments obtained by the use of interpoles more 
will be said further on. 

In 1904 and the years immediately following 
Asea built many large machines for electric 
power stations in Gothenburg, Stockholm, Malmo, 
Uppsala, Jonkoping etc. as well as for various 
factories, fig. 7, Commutation continued to 
occasion considerable difficulty and thought, but 
as high speeds were not in demand designers 
were content to devote themselves to suitably 
dimensioning the pole shoes, providing a large 
air gap and using carbon brushes, points which 
in general ensured good operation, as brush 
shifting with varying loads was in general per** 
mitted. At this time also, methods of calculation 
and design were much improved, particularly 
in the direction of commutation. 

The whole series of DC machines was at this 
time newly constructed and made more homos^ 
geneous, the different details being standardised 
to conform to the organisation of the shops on 
modern lines to meet the needs of mass pro** 
duction. This series of *’L” types were made in 
12 sizes from L 2, O.s kW to L 300, 60 kW 
and were constructed with circular yokes of 
cast steel, provided with supporting feet, large cir** 
cular wrought iron poles, with laminated pole 
shoes, end bearing brackets and brush rockers 
carrying brush spindles fixed on the inside of 
the bearing, which construction was found to 
be cheapest and most suitable for production 
in quantities, fig. 8. The brushholders were of 
a new design, carbon brushes being used and 
made a sliding fit in the holders. Of these types 


large numbers were made during the years 
1904—1912 and entirely displaced the earlier 
types of corresponding sizes. 

The series was later extended by the addition 
of 5 sizes LD 400 to LD 800, arranged for 
direct coupling to steam enginesij Diesel engines, 
and similar prime movers, running at a relatively 
low speed. These last machines were multipole 
and provided with pedestal bearings and bed:^ 
plates, fig. 9. 

The provision of interpoles for all sizes of 
DC machines constituted an epoch in deve:? 
lopment. The commutation problem was thereby 
for the time being definitely solved and good 
commutation was secured, which was quite 
independant of the strength and distribution of 
the main field, which made the use of DC 
machines possible under the most varying con^ 
ditions of overload, and voltage and speed 
regulation. 

As long ago as the close of the ’80s Jonas 
Wenstrom had conducted research work with 
interpoles, (i. e. poles placed between the main 
poles and provided with windings through which 
the load current of the machine was circulated), 
on one of his machines. When the machine 
with this arrangement was tested it was reported 
that it did not run better than it had done 
before the interpoles were fitted and the matter 



Fig. 14. Section of yoke with interpoles compensating windings. 
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Fig. 15. Ilgner set at Domnarvct Iron Works, Sweden. 


was allowed to drop without any further in? 
vestigation, which is easily explained when one 
bears in mind that at that time the tests carried 
out on finished machines were not of a very 
searching character and also that the designing 
offices and shops were situated in different 
towns, so that they could not co?operate together 
particularly well in work of this kind. 

Further research on interpoles was done in 
1900 on a special type of motor provided 
with speed regulation for driving machine tools 
and the results were in this case judged to be 
very good, but as the manufacture of this par? 
ticular type of motor was soon afterwards dis? 
continued the idea of commutating poles was 
placed on one side, if not altogether forgotten. 

The advent of the new century was marked 
by a great deal of work by technical men in 
various countries on the commutation problem, 
as the many books, articles and discussions 
published at that time bear witness. One result 
of this was that the possibility was realised of 
neutralising selfeinduction and hastening the 
reversal of current in the short circuited coils 
by causing them to move in a commutating 
field^ the strength of which was proportional to 
the load current of the machine. It was observed 
that this field could be obtained by placing 


commutating poles between the main poles and 
furnishing them with a winding through which 
the main •turrent passed. Complete methods 
were worked out for the calculation of these 
poles. The year 1905 saw these ideas generally 
known and machines with interpoles being made 
in several localities. In 1905 Asea carried out 
a very complete test on a 4?pole machine of 
type L 150 having 4, 2, and 1 commutating 
poles and after that time they were often used 
on machines where commutating difficulties were 
to be expected, such as among others, the 5 
motor generators supplied in 1907 to the Stocks? 
holm Electricity Works, which were each of 
1,000 kW, 440-600 volts, 245 r.p.m., fig. 10. 
For tramway motors Asea was among the first 
firms to employ interpoles and the motors de? 
livered in 1906 for the Jonkoping tramways 
were furnished with them. 

With the production of ’T” types came a time 
when the requirements of fixed brush position 
and sparkless commutation, even at heavy loads, 
greatly increased the necessity for interpoles, 
and these were more often fitted, especially as 
high voltages and speeds were more in demand. 
About 1910 it was found desirable to reconstruct, 
and standardise the whole series of DC machines 
anew, with special regard to the experience 
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Fig. 16. Colliery winder at the Skanska Kolbrytnings A.B., Ormastorp, Sweden, 150 kW, 32 r.p.m. 


gained during the preceding years with inters* 
poles and the result was the series, which 
embodies 50 types covering from O .2 kW up 
to the largest outputs, figs. 11 and 12. With 
the smaller types, (with end shield bearings) and 


at first also with the larger types (with pedestal 
bearings), only half as many interpoles as main 
poles were used in order to save material, but 
it was soon shown to be economical to employ 
the full number of interpoles on account of the 



Fig. 17. Large colliery winder at Orkla Mines in Norway driven by two motors each 530 kW maximum, 30 r.p.m. 
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fig. 18. Leonard set for paper machine motor at Hallsta Paper Mills, Sweden. 


better commutation properties obtained] (fig. 13), 
in certain cases in combination with compen:* 
sating windings (fig. 14), which now came for 
the first time into their full rights and became 
of great significance. 

A specially noteworthy installation was one 
at Domnarvet Iron Works, where the complete 
electrification was carried out in 1915 for a 750 
mm reversible rolling mill. For this Asea supps* 
lied a motor generator with a 48 ton flywheel, 
fig. 15, and a reversible motor for a maximum 
load of 7000 kW, fig. 12, switchgear and 
auxiliaries. These machines are furnished with 
both commutating poles and compensating wind:* 
ings and have fulfilled all gua^ 
rantees covering rapid reversing 
(at least 24 times per minute), 
high overload capacity and great 
dependability. 

During the last few years 
further improvements have been 
made in the whole series of K 
types, in which the experience 
gained in the past 40 years has 
been applied to obtain truly first 
class machines with good charac:^ 
teristics and great dependability 
in operation. 

Besides the more or less ’’nor:* 
mal” and standardised DC mas* 
chities mentioned above, Asea 
has supplied year by year many 
generators and motors for installa^ 
tion where DC machines show 
advantages over AC on account 
of special characteristics. Consi:* 
derations of space allow of only 


the most important of these special 
fields of use being shortly referred 
to, and illustrated by a few repre^ 
sentative photographs. 

It is chiefly the property of 
easy speed variation with well 
maintained efficiency which has 
enabled the DC shunt motor to 
be adopted with great advantage 
when very varying running re^ 

quirements are in question. Speed 
regulation can either be obtained 
by varying the strength of the 
field (shunt regulation) or by 
varying the voltage supplied to 
the armature. In the latter case if 
there is a DC supply available at 
constant voltage a variable voltage 
can be obtained by connecting an 
auxiliary generator, the voltage of 
which can be altered, in series 

with the motor to be regulated (’’buck and 

boost” principle). On the other hand if only 
AC is available an AC motor can be used to 
drive a DC generator whose voltage can be 
altered and which supplies current to the armature 
of the variable speed motor (Leonard principle); 
in this case also a simple equalising of large 
load variations can be obtained by using a 

flywheel with the motor generator set (Ilgner 
principle). 

For colliery winders and reversing rolling 
mills the Leonard and Ilgner systems have been 
largely used and have chiefly made possible 
the large plants of this kind which have been 



•Fig. 19. Paper machine motor and switchgear at Hallsta Paper IVJills, Sweden. 
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Fig. 20. Russian steamer Vandal owned by Nobel Bros, 190:1. 


turned out. Figs. 16 and 17 show some examples 
of colliery winders. The machines for the 
reversing rolling mills at Domnarvet Iron Works 
have already been referred to. 

Another region in which the regulating me^ 
thods described have been of great importance 
is in connection with the driving of machines 
used in paper manufacture and installed in 
paper mills. With these paper machines it is 
first of all necessary to be able to arrange to 
run at different speeds to suit the various kinds 
of paper being made and secondly when the 



Fig. 21, Machinery compartment of 250 h.p. Diesel electric locomotive. 


most suitable speed has been obtained to maintain 
this constant for a considerable time. For this 
last requirement the shunt motor is very suitable 
when used in conjunction with an automatic 
regulator. As long ago as the middle ’90s Asea 
furnished such plants with motors having shunt 
regulation. Later on shunt regulation was used 
in conjunction with a change over switch, ar^* 
ranged for two different voltages and ’’series 
parallel” connection of the motors two windings, 
and by this method a speed variation of 1:8 
could be obtained at the motor. Soon however 
the advantages were realised of using generators 
with voltage regulation and in the last 20 years 
many installations have been supplied, both on 
the ’’buck and boost” and Leonard systems. 
Figs. 18 and 19 are two illustrations of a large 
paper mill employing driving motors dimensioned 
for 200 kW on the Leonard system. 

The Leonard principle is also used for ship 
propulsion and was found particularly serviceable 
before satisfactory reversible internal combustion 
engines were constructed. Generators are driven 
continuously by internal combustion engines and 
the supply voltage is regulated as necessary, the 
power developed being taken to a motor coupled 
direct to the propeller shaft. Manoeuvering 
and reversing is particularly simple and can 
be done direct from the bridge where the shunt 
resistance for the generator is placed. Fig. 20 
shows one of three Russian vessels which were 



Fig. 22. Ventilated railway motor, 45 kW, with air filter. 
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Fig. 24. Aarhus Electricity Work^ Denmark> two cascade converters l.CXX) kW. 
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equipped in 1904 with 
machinery of this kind. 

They were provided 
with three propeller 
shafts, the motors of 
which each absorb 
80 kW.. 

In this connection 
may also be rnentioned 
the system developed 
by Asea for, power 
transmission in Diesel 
electric locomotives. 

The Diesel engine car^^ 
ried in the vehicle ' 
drives a DC generator, \ 
which is selfeexciting 
and can be motored 
off the lighting battery 
for starting the engine. 

When running it supplies energy at variable 
voltage to mo.tors coupled to the driving wheels. 
The motors are in this case series motors on 
account of the good properties possessed by 
this class of machine for railway work. Fig. 21 
shows the machinery compartment of such a 
Diesel i^[locomotive of 250 h.p. and fig. 22 a 
railway motor such as is used,. and which ges^ 
nerally resembles the motors usually employed 



Fig. 25. 1,500 kW rotary converter for Norrkoping Electricity Works, 
_ Sweden. 

few 


in tramway and raih 
way service. 

For converting the 
power obtained from 
the large AC networks 
to DC at constant voh 
tage, in electric power 
stations, factories and 
similar installations 
many large units, such 
as motor generators, 
cascade converters, and 
rotary converters have 
been produced. Space 
will not allow the 
development of these 
machines to be fob 
lowed for instance on 
the lines of the in** 
creased speeds em^^ 
ployed, but a few characteristic photon 
graphs are reproduced, /. e, a motor generator 
set for 2,000 kW in fig. 23, two cascade cons* 
verters each of 1,000 kW in fig. 24 and: a 
1,500 kW rotary converter in fig. 25. 

As a standby and also for smoothing out load 
variations , accumulator batteries are used at con:* 
verting stations in certain cases and these some:* 
times demand the installation of special DC ma:* 



Fig. 26. StocWiolni—Saltsjon Railway converter station, Sweden, 1,200 volts DC. 
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chines to regulate the charge and 
discharge of .the battery. A. case 
of special interest is that in which 
the machines are so arranged that 
the battery charge and discharge is 
automatically controlled, and this 
arrangement is suitable for plants 
where very rapid variations occur 
in the load. Fig. 27 shows machinery 
of this kind installed at Fagersta 
Bruk, with the object of making 
an accumulator battery take up the 
variations caused by a rolling mill 
in the load on the power station. 
The great advantage which is oha 
tained is that the load on the power 
station is kept practically constant. 



Fig. 27. Interior of Fagersta Bruks converter station, Sweden. 



Fig. 28. Double generator installed Mn the Electricity Works at Cadiz, Spain. 


In this connection it is well to 
recall the many complete installa** 
tions supplied by Asea for driving 
tramways and light railways, chiefs 
ly designed for 600 volts and 
furnished with DC generators 
direct coupled to steam engines, 
or converters. Among these in** 
stallations the StockhoWSaltsjon 
railway occupies a noteworthy 
position. This line was electrified 
in 1913 on the DC system at 
1,200 volts and Asea supplied 
the whole equipment of motor 
generators wound for 1,350 volts, 
fig. 26, automatic boosters for 



Fig. 29. 1750 h.p. steam turbine direct coupled* to two DC generators each of 250 kW, 2,000 r.p.in., 220 volts. 
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battery charge and discharge, and 8 bogie 
motor cars for 600 h.p., fig. 30. 

Lastly special DC turbo generator sets may 
be referred to consisting of generators driven 
by high speed steam turbines. Twentyfive 
years ago when De Laval steam turbines were 
constructed for large outputs for the first time, 
the turbine speed was reduced by gearing to 
about 1,000 r.p.m. in two shafts, one arranged 
on each side of the turbine shaft, and a double 


generator was used, as shown in fig. 28. Later 
turbines were built for a speed of about 3,000 
r.p.m. and direct coupled to generators (fig. 29). 
This speed is nevertheless exceedingly high 
for economical and favourable proportioning 
of DC machines and the tendency of later 
years accordingly has been to lower the tur^ 
bine speed by the use of gearing. By this 
means a DC generator of normal design can 
be employed. 




Vesterls 1924, Vestmanlands Allehanda Printing Co. 










































TRANSFORMERS TYPE TZ-EZ. 


A review of the types of small transformers 
at present marketed by various firms reveals 
that development in different countries has pro« 
ceeded along the lines of two particular arran? 
gements. The types differ in general with respect 
to the arrangement of leading through bushings, 
cover, and tank. In the one arrangement, chiefly 
favoured by European firms, the terminals are 


warm transtormer oil. The tank must accords 
ingly not be filled up so that the oil comes 
above the bushings, and the parts of the 
insulators inside the transformer are accordingly 
in air. Under these conditions it is not possible 
to provide the transformer with an expansion 
vessel. It is also clear that there is danger, 
should there be a flash over between the 


placed in the cover and this is joined to the inner parts or the insulators and the 
core making one mechanical whole. The insu^ of an explosion of gas from the oil, and the 
lators consist of copper bolts fixed in porcelain air above the oil, occurring. The type should 
leading through bushings. In the other arrange:* not be used for pressures above 11 kV. A 
ment, used mainly by American firms, the point which is often urged with these types is 
terminals are placed on the side of the tank that the cover is entirely free from holes, for 
and are held in removable carriers made to screws and insulators, which makes for watery 
receive them. The cover is entirely separate from tightness when placing the transformer out of 
all other parts and the core is usually stayed doors. It must however be pointed out that 
to the tank itself. The connections are taken up there is no doubt that fully satisfactory packings 
to a coupling board fixed above the transformer can be made for such places, and there is too 
yoke. Commonly, insulated cables are brought large a number of transformers of the European 
out through the porcelain bushings. standard type in service for this construction 

In the construction of this last type it will to be condemned. On the contrary these pack** 
be seen that the greatest attention is given to ings are more satisfactory than those of the 
making the interior of the transformer as acces- American type, since the former can be fitted 
sible as possible. The number of screws for holding on transformers with expansion vessels, without 
down the cover is as small as possible, usually only further alteration, and it will be realised that 
two or four. As soon as these are loosened and it is much more difficult to pack joints to 
the cover lifted the coupling board which lies withstand warm oil, under pressure, than, to 
immediately below can be got at to make, ab withstand water. With the latter type of trans^ 
terations to the connections. This was, at any former the number of screws for the cover is 
rate in earlier times, a great advantage. As so small that the increased pressure due to an 
transformers can now be built with self contained expansion vessel causes the oil to run out even 
coupling arrangements which are operated from if the cover joint is cemented. As a protection 
without, and with which no dismantling of the against the entrance of damp the cover is often 
transformer is necessary, the above consideration arranged with] deep overhanging edges which 
disappears entirely. Regarding ^re found to prevent this very 

this question reference may be 
made to the article following in 
which arrangements for voltage 
regulation in transformers are 
further described. 

Attention may be drawn to 
a disadvantage inherent in the 
American type. It follows from 
the placing of the leading through 
insulators that the distance be:* 
tween the high tension connections 
and the side of the tank is neces:* 
sarily small, so that the type 
does not lend itself to high 
voltages. The case is made still 
more difficult by the fact that 

the bushings are fixed in place ' ^ . 

with compound, which is often " ' ' them and also over any cujpreni 

not impervious to oil, and is carrying parts within the trans: 

not a satisfactory packing for ’ with We frime. ® ' former tank. To this end the in; 



of an explosion of gas from the oil, and the 
air above the oil, occurring. The type should 
not be used for pressures above 11 kV. A 
point which is often urged with these types is 
that the cover is entirely free from holes, for 
screws and insulators, which makes for water:* 
tightness when placing the transformer out of 
doors. It must however be pointed out that 
there is no doubt that fully satisfactory packings 
can be made for such places, and there is too 
large a number of transformers of the European 
standard type in service for this construction 
to be condemned. On the contrary these pack:* 
ings are more satisfactory than those of the 
American type, since the former can be fitted 
on transformers with expansion vessels, without 
further alteration, and it will be realised that 
it is much more difficult to pack joints to 
withstand warm oil, under pressure, than , to 
withstand water. With the latter type of trans^ 
former the number of screws for the cover is 
so small that the increased pressure due to an 
expansion vessel causes the oil to run out even 
if the cover joint is cemented. As a protection 
against the entrance of damp the cover is often 
arranged with]'deep overhanging edges which 
are found to prevent this very 
effectively. 

In order to meet the wishes 
of customers who prefer the 
American type, Asea has con^ 
structed a series of small three 
phase and single phase trans^ 
formers embracing types TZ 
and EZ in sizes up to 150 and 
100 kVA respectively. In these 
as far as possible, the experience 
gained with former transformers, 
and the points touched on above 
have been embodied. At the 
same time it was considered ne:* 
cessary to arrange the leading 
^ through bushings in such a way 
that the oil level comes above 
them and also over any cujprent 
ransformer Type TZ carrying parts within the trans:* 
former tank. To this end the in:* 
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sulators are not ce:* i 
mented in with 
compound, but spe^ 
cial insulator flanges 
are provided, against 
which the terminal 
insulators are clamps* 
ed to the tank from 
without, by tighten^* 
ing specially threads* 
ed nuts. This affords 
the advantage that 
insulators can if nes* 
cessary be very easily 
changed. The incom:^ 
ing cables end in 2- Three phase Xransfom 

the leading through 6,600_5* o/j/ 4 ri 5 volts, ^ 

bushings where they 

are soldered to massive bolts, which pass into 
the tank. The oil does not thus come into 
contact with the cables and creepage of the oil 
is eliminated. 

The insulators are of porcelain from 3000 
volts upwards and are provided with from one, 
up to four petticoats, depending on the voltage. 
They are carried in boxes welded to the side 
of the tank. Great care is taken to make the 
cover damp proof, but to meet the wishes of 
customers only the minimum number of bolts 
necessary is used. 

The covers for all types are of cast iron and 
are well domed so that no water can rest on 
them. The sides are flanged as far as possible 
over the sides of the tank to prevent water 
from reaching the packing between cover and 
tank. The cover is provided with a groove on 
the inside into which a massive rubber packing, 
having a section x is pressed. As this 
packing is particularly elastic a moderate tighs* 
tening of the cover screws serves to make 
thorough contact between the cover and the 
angle iron at the top of the tank and a per^ 
fectly tight joint is obtained. The cover screws 
are furnished in the form of eye^bolts and 
when these are loosened they are free to fall 
sideways against the sides of the tank. This 
effects a great saving in time and trouble, while 
in addition all possibility of nuts and washers 
becoming lost is removed. 

The four smaller types are arranged with two 
such screws and the two larger with four. 

All transformers are furnished, unless others^ 
wise ordered, with two extra tappings on the 
high tension winding, under the cover. These 
tappings are taken up to the coupling board 
fix^d over the core and are accessible as soon 
as the transformer cover is lifted off. To make 
connection between these couplings as ea§y as 


Fig. 2. Three phase Transformer Type TZ 1540/91, 25 kVA, 
6,600"2**^ J|j^415 volts, Y/Y connected, 50 cycles. 


possible the coupling 
board is made in a 
special way as shown 
in the accompanying 
figures. It consists 
of a bakelite panel 
to which gunmetal 
contact pieces are 
screwed. These con:* 
tact pieces are fur^ 
nished with plug 
holes and connection 
is established bet:* 
ween them by U:* 
shaped links by mov^ 

r Type TZ 1540/91. 25 kVA, ing which tranS:* 

Y connected, 50 cycles. formers Can be easily 

coupled as desired. 

The general construction of the transformer 
is in accordance with the following description. 

The core is made of cruciform section so 
that circular coils can be used. It is assembled 
from high permeability sheet iron, made in 
Asea’s own works, with particularly good figures 
as regards losses and no appreciable ageing 
effect. 

The windings are cylindrical in form, the 
high tension winding being in general placed 
outside the low tension winding. 

A noticeable property of these transformers 
is that the coils are in general particularly broad 
in the radial direction, so that there are wide 
supporting areas between coils and also between 
the coils and the yokes. The insulation between 
the high and low tension windings, and between 
the low tension winding and the core, consists 
of bakelite cylinders, and channels are left between 
the two windings, which are dimensioned with 
regard to mechanical features as well as con^ 
siderations of test pressure, being made fully 
large so that there 


are roomy oil pas:* 
sages between the 
above mentioned ba:* 
kelite cylinders and 
the high and low 
tension windings. 
Moreover the high 
tension windings are 
diyided up into a 
particularly large 
number of small 
coils, diyided by oil 
passages, .so that the 
cooling of the wind:* 
ings, and especially 
the high tension 
windings in which 



Fig. 3. Three phase Transformer Type TZ 
2030/92,20kVA, \\,9Xr^fJ«!0 volte, 
with brackets for pole mounting. 
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a greater temperature is commonly reached, 
is particularly effective, the oil in this case 
circulating round all four sides of the coils. 
This construction is a great advantage also in 
drying the transformer, as the moisture is nan 
turally more easily driven out than it could 
be if the design were more compact and the 
windings placed close to one another, or to the 
insulating cylinders. Both high and low tension 
coils are subjected, before mounting in the 
transformer, to careful impregnation in a vacuum 
with oil resisting varnish, the composition of 
which is designed to afford mechanical, stability 
to the coils and also to protect them from the 
absorbtion of moisture during transport. 

All these transformers are contained in welded 
steel tanks. The tanks are plain for the smaller 
transformers and corrugated for the larger. 
Special care has been taken to make them me^ 
chahically strong. All the corrugated tanks are 
furnished with bottoms of thick plate and with 
specially^deep flanged edges, so that the sides 


are protected when shifting the transformers 
with a crow-bar. The two larger types TZ 2500 
and 3000 are provided with a separate base 
frame of wrought iron to further protect the 
tanks against deformation. The transformers are 
so constructed that they can be transported 
under the most adverse conditions without 
removing the cores from the tanks and to this 
end the core is very carefully stayed to the 
sides of the tank. The core is furnished with 
longitudinal and transverse braces on the upper 
and lower yokes of the core and these are 
adjusted in the shops when the core is placed 
in the tank, so that no internal movement 
either sideways or endways is possible. Separate 
from these braces are four heavy iron stays 
which reach from the upper yokes to the angle 
iron round the top of the tank. A , test was 
made by dropping a transformer braced in this 
way and packed in the usual manner from a 
height of 2 metres on to a stone floor so that 
the transformer fell bottom upwards. This de?* 
monstrated that such treatment could be with?* 
stood without any damage whatever to either 
transformer or packing. 

These transformers are dimensioned to with;* 
stand test pressures in accordance with the 
S.T.F. 1920 (Swedish Technical Society’s Rules 
for standardisation of electrical apparatus), which 
considerably exceed those required by the 
British standards which are commonly specified 
when transformers are sold to customers outside 
Sweden. 

The temperature rise as measured in the oil 
does not exceed the limits allowed by the 
British and American rules. Most of the types 
in the range show at the same time a con^* 
siderably lower temperature rise on test from 
which it follows that they can withstand very 
heavy overloads without injury. Further par;* 
ticulars of these transformers will be given 
glady on request, 






















DEVICES FOR VOLTAGE REGULATION ON TRANSFORMERS. 


For a long time past it has been usual to 
provide transformers with regulating tappings 
on one or both windings and as the need for 
these has increased on account of the continual 
growth of power networks and loads, the quests 
tion of a suitable arrangement for 
these details in transformers has lately 
advanced from a consideration of small 
importance to one of the greatest 
possible weight, often indeed become 
ing a determining factor in the con^* 
struction of a transformer. During the 
last few years a great deal of work 
has been done in this direction and 
it may be useful to give a short des^ 
cription of the constructions which 
have been used, and to indicate the 
points which should be taken into 
consideration when determining their 
suitability for different conditions. 

Regulating tappings can be made 
accessible in several ways. The 
cheapest and simplest arrangement is 
to bring these tappings up to the 
upper yoke on which are mounted 
Ijfl contacts or a coupling board. In most 
cases however this arrangement must 
be regarded as very unsuitable and 
gg this is particularly so when trans** 

J formers have terminals mounted in 

the cover, which is the standard 

practice of most Swedish and Euro** 

Fig. 1. Triple pean firms. 

concentric coni» ^ t i i 

denser le.nding In Order to make the connections 
to”“ot66kv accessible the cover must first be 
*aken o£f, and as in general it is not 
use. possible to disconnect the winding 
from the terminals, it follows that the 
cover must be rigidly fixed to the core, so that 
when it is lifted the core and all connections 


are raised with it. It has often been suggested 
that hand-holes should be provided in the 
cover through which the connections could be 
reached. It may be remarked, in this connec¬ 
tion, that as a three-phase transformer is com¬ 
monly provided with 7 terminals it is not possible 
to reach all the connections with one hand-hole, 
although there is seldom sufficient room for 
more, and it is very unpleasant to have to 
work with the hands under the cover, so that 
it is not possible to see what is being done 
to say nothing of the risk of dropping nuts 
etc. into the tank. It must accordingly be con¬ 
sidered necessary that in order to reconnect 
the winding the core and the cover must be 
lifted. This^may be a very extensive undertaking. 


A transformer can for example be imagined 
which is supported on poles, or a large power 
transformer installed in a place where lifting 
tackle is wanting. As a general rule as such 
tappings seldom, if ever, require to be changed, 
there is good reason to discontinue the use of 
this construction. If transformers are arranged 
in accordance with American practice, with 
covers freely removable, the above remarks do 
not apply, and in this connection the foregoing 
article in this number on Asea’s TZ—EZ types 
may be referred to. A suitable and simple 
arrangement of reconnection board for these 
types is shown in the figures (2 and 4 belonging 
to the article on TZ—EZ types). 

Returning to transformers with the terminals 
placed in the cover it was soon evident that 
the primitive method of placing the tappings 
under the cover would have to be improved 
and for this reason transformers have been 
built for a long time with tappings brought 
out through the cover and provided with addi¬ 
tional terminals by means of which reconnection 
can be effected from without. For small trans- 



Fig. 2. Neutral point re«connecter. 
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formers however, 
and also for large 
transformers whe«* 
re the working 
pressure is high, 
the space on the 
cover for such 
extra terminals is 
very restricted 
and it was neces** 
sary to construct 
terminals of a 
special kin d so that 
several tappings 
could be brought 
out through the 
same insulating 
bush. After ses* 
veral variations 

Fig, 3, Reoconnccting device for re«»con«» in. the COnstrUC^ 
necting in the centre of the winding. 

nals are now made, in general, with a central 
leading through bolt and one or more concens^ 
trie copper tubes insulated from the bolt and 
from one another, to which tappings, for volts: 
ages which do not differ by a great amount, 
are connected. 

That the introduction of these insulators 
represents an improvement is obvious, but the 
arrangement can by no means be regarded as 
ideal. The chief drawback is the cost. In order 
that the concentric type of terminal may work 
without giving trouble the construction must 
be very carefully carried out. 

As an example it may be mentioned that for 
higher voltages Asea found it necessary to make 



Fig. 4. Transformer with neutral point re^connecter. 



Fig. 5. 1,600 kVA three phase transformer with self contained 
reoconnecter. 

the insulating linings between the central bolt 
and the tubes as separate condenser concentric 
bushings. To protect the insulators against the 
wet both the main bushings and the separate 
parts of the insulators are protected by porcelain 
mantles and the space between the porcelain 
and the bakelite bodies filled up with compound. 
This construction is used both for indoor and 
outdoor insulators and is at present furnished 
with three terminals, as a maximum, and for 
pressures up to 88 kV. Fig. 1 is an example of 
such an insulator designed for a working pres:* 
sure of 66 kV. It is obvious that the cost of 
this arrangement must be very high and this 
disadvantage is increased by the fact that it is 
desirable for the extra tappings not to be at 
the main terminals, but at the neutral point, 
or from the central part of the winding, in 
which case the voltage difference between them 
and the main terminals requires the provision 
of one or more sets of separate terminals for 
reconnection. Further it may be remarked, against 
the arrangement as a whole, that incorrect 
coupling up is in no way guarded against. 

These disadvantages can be overcome if the 
transformers are furnished with self contained 
apparatus to which the tappings are brought 
and which is fitted with an operating deyice 
placed outside the tank, so that the transformer 
can be reconnected for different voltages without 
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the necessity arising to dismantle it in any way, 
or to loosen any connections. The reconnection 
is carried out with the transformer disconnected 
from the supply. 

Such devices have been constructed by several 
leading firms, but none of them, so far as is 
known, fulfil all the requirements for such an 
apparatus which are given below. For such 
fittings the following points are considered by 
Asea to be desirable: 

1. It must be impossible to make mistakes in 
reconnecting the transformer. 



Fig. 7. Winding^coupler wth 6 steps, 22 kV, 200 amps, exterior view. 


2. The various positions must be clearly 
marked. 

3. It must be impossible to leave the device 
in any neutral position. 

4. The contacts must be capable of carrying 
the maximum short circuit current which can 
occur. 

5. The insulation must be satisfactory. 

Asea s apparatus which fulfils all the above 

is made in two different patterns, namely for 
connecting in the neutral of Y or Z connected 
windings, fig. 2 (neutral point coupler) and for 
reconnecting the centre points of windings (in 
delta connected windings), fig. 3. 

Point 1 above is partly ensured by the fact 
that the transformer is not furnished with three 
separate single phase couplers, but the arranges 
ment is common to all phases and they cannot 
accordingly be connected for different voltages. 
The series of connecting devices introduced by 
Asea, covering, at present, patterns for pressures 
up to 44 kV, is constructed, for this reason, of 
the three phase type with a connecting device 
for simultaneously coupling the three phases. 
The neutral point coupler consists of a number 
of precision machined contact pins fixed in a 
common insulating block of special nons^hygro:* 
scopic material. The material of this block is 
homogeneous and exhibits no stratification in 
the longitudional direction. A triple contact 
arm which has three contacts for the different 
phases simultaneously completes the neutral 
point. The contact arm is of course insulated 
from the operating spindle. Above the cover 
the operating spindle is fitted with a handle 
fixed to a disc furnished with holes corres^: 
ponding in 
number and 
position with 
the desired po» 
sitions of the 
contact arm. 

By the intro^j 
duction of guis^ 
de pins corres?* 
ponding to the 
holes a perfect:? 
ly exact cors^ 
respondence is 
obtained above 
the cover with 
the arranges* 
ment of con:? 
tacts beneath. 

The guiding 
pins are thres* 
aded and pro** 
videdwithnuts 
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Fig. 9. Winding coupler for 6,000 kVA three phase transformer, for 
outdoor erection. 


by which the device can be locked while at 
the same time the spindle packing is compressed 
making the gland oiltight. When reconnecting, 
the nuts are removed after which the operating 
spindle has to be drawn vertically upwards. 
As the guiding pins are longer than the contact 
pins the operating handle cannot be turned 
before the contact arm is free of the pins. When 
the arm is turned it is quite impossible to lower 
the operating spindle again until the guide pins 
are opposite to the next holes in the guiding 
disc. The positions of the operating handle 
could not be better determined. Contact is 
broken altogether in the neutral position. 

With regard to insulation these devices have, 
been designed to meet the following require** 
ments: the flash over voltage between neigh** 
boiiring piiis is at least equal to the working 
voltage, the flash over voltage to earth is made 
the same as the flash over voltage of the terminal 
bushings. In three phase couplers for making 
reconnection at the centre of the windings the 
flash over voltage between the contact pins 
belonging to different phases is at least equal 
to the test pressure for the winding. 

In order to demonstrate the manner in which 
the apparatus will stand up to overloads some 
particulars are given from test results obtained 
with a neutral point coupler designed for a 
normal current not exceeding 60 amps. The 
temperature rise was determined with the appa** 


ratus immersed in oil by means of a thermo** 
element arranged close to the contact. It was 
found that the temperature rise at the contact 
pin was lower than the temperature rise at the 
nuts of the connections, namely 2.5° as against 
3.8° with the normal current. The temperature 
rise was further determined at the contact pin 
after a varying number of reconnections between 
two positions with the following results: 


At commencement of test . 2.4° 

After 1,000 reconnections . 2 . 2 ° 

After 3,000 reconnections . 2.i° 

After 20,000 reconnections. 2.o° 


The contact accordingly improves with use. 

The following load tests were carried out: 

A current of 500 amps was passed from one 
contact pin, through the contact arm, to another 
pin, for 5 seconds. When the apparatus had 
cooled a current of 1,000 amps was similarly 
passed for 5 seconds and the apparatus again 
allowed to cool. In the same way the current 
was increased 500 amps each time for periods 
of 5 seconds. After each period of load the 
contacts were examined for signs of burning. 
After a load of 3,500 amps no signs were visible 
but when the current reached 4,000 amps the 
centres of the contact pins were found to be 
burnt to the contacts. This indicated that the 



Fig. 10. 6,000 kVA three phase transformer, 46,000/61,000, 58,000, 
55,000, 52,000, 49,000 volts, 50 cycles,‘.for outdoor erection, 
low tension side." 
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melting began from the inside of the contact 
as there were no signs of it where good cooling 
was possible. 

The apparatus is made for voltages up to a 
maximum of 44 kV for both star and delta 
connected windings, normally with three, and 
with a maximum of five, positions. 

The apparatus which has just been described 
certainly meets most demands for a tapping 
changing arrangement, but it should be noted 
that it must only be operated when there is no 
pressure on the transformer. Most transformers 
can, without inconvenience, be taken out of 
service for a few minutes during some part of 
the day or night. When this is not so, or in 
cases where it is desirable to follow the voltage 
variations on a network continuously, the method 
is less suitable. In such cases the transformers 
must be arranged for voltage variation on load. 
They are then fitted with tappings brought out 
through the cover for each voltage, the con^ 
centric type insulators already described being 
made use of. For making changes to the different 
tappings Asea manufactures a special apparatus 
known as a winding coupler. This is installed 
separately, and is built on the same principle 
as an ordinary cell regulator. Fig. 6 is an 
example of a diagram of connections for such 
a regulator arranged for giving 4 voltage varia:« 
tions by altering the neutral point connections 
of a star^^connected transformer winding. It may 
be remarked, in parenthesis, that for the lower 
voltages it is sometimes possible to assemble 
the transformer and winding coupler together 
by which means a saving in the space required 
for installation is effected. From the erection 
point of view this is also an advantage as the 
cables between the transformer and the regulator 
are done away with. 

The apparatus is as shown in figs 7 and 8 
and it will be seen from these, and the diagram, 
that the contacts are arranged in a circle over 
which a contact arm, making the neutral point 
connection, is movable. This arm is shifted 
over the 5 contact positions by a toothed wheel 
with an operating sprocket wheel so arranged 
that the contact arm is moved one complete 
step for each turn given to the operating sprocket. 
During transition from one position to another 
a resistance is first connected between the 
respective contacts so that the short circuit 
current in the section of transformer winding 
lying between them is limited to a value which 
causes no dangerous heating; During the 
vement of the arm the load current is never 
broken; for an instant it passes through the 
resistance, which however is short circuited as 
soon as the new contact is reached. 



Fig. 11, Three phase transformer type TVOS, 3,000 kVA, 42,000, 
41,000, 40,000, 39,000, 38,000, 37,000/37,000, 36,000' volts, ’ 

50 cycles. 


The mechanism is immersed in oil and the 
oil container can be lowered for inspection of 
the contacts. Current is taken to the* apparatus 
through single or multls^concentric terminals of 
the same type as are used on the transformer. 
The arrangement can be made for hand or 
electric operation, in the last case by means of 
push buttons or automatically by a contact volts* 
meter. These arrangements have been made for 
a considerable time for regulating the voltage 
for operating electric furnaces. Lately the interest 
of a large circle of customers in these has 
greatly increased and Asea now builds apparatus 
for voltages up to, and including 66 kV. For 
these high voltages the construction just described 
has been departed from on account of difficulties 
in insulating. Sliding contacts have been replaced 
by a number of contactors operated by a cam 
shaft placed just below the cover. The cams 
are arranged so that the connections before 
described are effected in proper order. Fig. 9 
shows such a winding coupler for 66 kV arranged 
for 5 steps.. The apparatus, which is built for 
outr^door use is operated by a motor contained 
in a water tight cast iron housing seen in the 
lower left hand corner of the figure. The 
winding coupler is carried on an iron framework 
of such a height that the connections between 
the transformer and regulator are as simple as 
possible. To this end also the terminals on the 
transformer and regulator are arranged opposite 
to one another in a reflex manner. The connecting 
leads accordingly run across from one to the 
other, horizontally, and parallel to each other. 
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The following may be referred to from recent 
orders: 

60,000 
58 000 

TOS 78-6,000 kVA-42,000/56,000 - Y-O/Y-0 - 50 cycl. 

54,000 

52,000 

61,000 

58,000 

TOS 78 -6,000 kVA-46,000/55,000 - Y-0/Y-0-50cycl. 

52,000 

49,000 

60,000 

58,000 

TVO 68 -5,000 kVA - 5,500/55,000 - Y-O/Y-0- 50 cycl. 

53,000 

50,000 


40.500 
39,000 

TO 68 - 4,000 kVA - 37,000/3,000 - Y-O/D - 50 cycl. 
36,000 

34.500 

39,200 

37,750 

TO 57 - 2,000 kVA - 36,300/3,050 - Y/Y-0 - 50 cycl. 
35,350 
33,950 
32,550 

As the voltage regulation problem is in these 
lays a very real one, it is hoped that the con?^ 
structions dealt with above will receive the 
careful attention of our readers, since they provide 
an effective and, in comparison with other 
methods (e. g. the induction regulator), a cheap 
solution of the difficulty. 


THE COOLING OF TRANSFORMERS. 


The designer encounters the problem of efc 
ficient cooling in all branches of electric ma:< 
chine manufacture, but it could hardly be of 
more vital importance than in transformer work, 
since the temperature rise in the different parts 
of a transformer absolutely determines the load 
which it will carry, and this is not the case 
with other electrical machines. This problem has 
been handled from many standpoints in a 
number of publications, so that it is not intended 



to touch here on the theoretical side of the 
question, although there is still a great deal to 
be added, but to give a short account of the 
characteristics of the different methods of cooling 
drawn from results obtained with some modern 
and well tested Asea designs, and some cost 
comparisons based on to^sdays prices of materials. 

cooling is the oldest method in use, but in 
these days the customer and transformer manus* 
facturer are agreed that it is no longer suitable. 



2. Transformer with corrugated tank and cooling pockets, 
4,000 kVA, 40,500/3,000 volts. 
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Fig. 3. Single phase transformer type EVO, 3,CXX) kVA, 57,700—2.8, 
5, 7,8, 10 0 / 0 / 12 ,000 volts. 

The reason for this is the unsatisfactory 
service given by these transformers arising from 
the fact that in order to allow the air free 
access to the windings no adequate protection 
against mechanical damage can be provided. 
Such transformers also are very sensitive to 
overloads which can only be allowed to persist 
for a comparatively short time. This follows from 
the fact that in general the windings can, with 
regard to heating up, be considered as isolated 
bodies which without intervention of other 
materials give up the heat generated in them 
straight to the cooling medium. Their behaviour 
can be made clear most easily by means of an 
example. Consider a transformer, which on full 
load has a temperature rise, as allowed by the 
S.T.F. Rules, of 60° C in the windings. Then 
with a 50 ^ overload a temperature rise of 
1.6^ X 60 = 135° C is obtained in the windings. 
It is to be noted that this temperature is reached 
after a relatively short time, — about 30 minutes 
— as a result of the low heat capacity of the 
windings. This is quite otherwise in an oil cooled 
transformer. In the latter type the increased 
temperature of the windings can be considered 
as diyided into two intervals, first the temperature 
difference between the air and the oil, and 
secondly the temperature difference between the 


oil and the windings. For a temperature rise, 
as allowed by the S.T.F. and with an ordinary 
standard transformer construction, the values 
assigned to these may be 45° and 15° C res^ 
pectively. When an overload occurs these two 
temperature increases vary in an altogether 
different manner, for the first, at any rate for 
short overloads, remains practically constant on 
account of the large heat capacity of the oil 
while the second follows the load variations 
immediately. In the case of the example consist 
dered above the temperature reached with an 
overload of 50 % of short duration is accord:* 
ingly 45+ l.s^ x 15 = 79° C in the windings. 
This shows that the same overload which would 
entirely destroy an air cooled transformer leaves 
an oil cooled transformer practically undisturbed. 

Asea on this account has practically abandoned 
the air cooled type which is only built in sizes 
up to 10 kVA and for voltages up to 3,000 
volts, arid from the above considerations this 
limitation is only to the customer’s advantage. 
Even from the point of view of first cost air 
cooled transformers are at a disadvantage in 
sizes above 10 kVA. 

Self cooling oil immersed transformers. This 
method of cooling can be considered without 
doubt the ideal one. All the disadvantages 
referred to above are removed. The windings 
are protected against every kind of damage; 
the overload capacity is large (see above) and 
such transformers can be left entirely without 
attention, especially where, as in the case of 
Asea’s transformers, indicating and contact 
thermometers are fitted. On account of the su:* 
periority of this method of cooling most of 
the transformers furnished by Asea are made 



Fig. 4. Relation between the price of self«cooled oil immersed trans<* 
formers and water cooled transformers. 
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Fig. 5, 


Forced air cooled transformer with covemplates removed. 
*.QOQ kVA. g:^/^:So/M:000''»!**• “ 


in this way. Unfortunately however the use?* 
fulness of the method is limited in larger units 
on account of the fact that as the output in** 
creases the amount of cooling surface does not 
increase in the same propertion as the heat 
produced in the transformer. Asea’s standard 
series of transformers are designed with full 
consideration to the above. 

The smallest oil cooled transformers are pro^* 
vided with tanks having plain sides of flat 
plate, while for an output of about 30 kVA 
the tanks are made of corrugated sheet. The 
corrugations become deeper and deeper with 
increasing output until at about 1,500 kVA the 
economic limit is reached for this construction. 
In order to make this excellent method of 
cooling suitable for larger units Asea has inn 
troduced a further construction which is shown 
in fig. 2. The transformer tank consists of an 
ordinary plain sheet steel tank, but a number 
of corrugated cooling pockets are welded to .it 
through which the oil circulates, and by this 
means the greatest possible cooling surface is 
obtained within a relatively small space while 
at the same time the quantity of oil required 
is reduced to a minimum. Asea has lately in^ 


troduced designs in which these pockets are 
made easily accessible for cleaning. The tanks 
are welded throughout and are a very good 
example of Asea workmanship. A further sample 
of Asea’s self cooled construction is shown in 
fig. L This transformer is c for 750 kVA, 

66,000-^*® 6,640 volts, and is arranged for 

outdoor mounting. 

For the reasons given above there is a limit 
also to the use of this last construction. This 
limit is of a wholly economic nature and in 
this connection it is interesting to take note of 
the curve, fig. 4, which is based on present 
material prices and shows the approximate 
difference in cost between self cooled and wafer 
cooled oil immersed transformers in which cooling 
is effected by coils of waters«tubes immersed in 
the oil. This method of cooling is usual for 
large units and can be used with advantage for 
sizes of 800 kVA and above. There is no upper 
limit. The principal advantage of this method, 
namely its low cost is clear from the above and 
to this of course is attributable the wide use 
which has been made of these transformers. 
Asea has accordingly given special attention to 
the construction of such transformers and all 
imaginable care is taken with their design. The 
cooling spirals are always made of solid drawn 
copper tubes which are subjected to severe tests 
before use. The transformers are provided with 
contact thermometers and signal devices, even 
if these are not specified by the customers, so 
that any interruption in the flow of the cooling 
water is immediately made evident. Asea has 
also developed a special design of tank in 
which the upper part is built out, as shown in 
fig. 3, affording a particularly well protected 
space for the cooling coils, and increasing the 
space available on the cover, so that a good 
spacing is possible between the terminals. This 
construction also makes possible a not inconsider;* 
able saving in the quantity of oil required and a 
reduction in the overall height of the transformer. 

At the same time water cooled transformers 
possess some disavantages which may be pointed 
out. A requirement for their use is for example 
a supply, free of charge, of cooling water which 
is as far as possible pure. Experience has shown 
that the working of these transformers is 
jeopardised by careless use. It has happened 
that customers have allowed water to remain in 
the cooling tubes during cessations of work 
in winter and the temperature of the transform* 
mer house having fallen to bellow 0° C the 
tubes have burst. In these cases when the tr^ns?* 
formers have been set to work again water has 
entered the oil and naturally caused a breakdown. 
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The above drawbacks are entirely overcome 
by the use of forced air cooled oil immersed 
transformers. It is surprising that this method 
of cooling has only been used so far to a 
comparatively small extent. Since such pioneers 
as the Swedish, Waterfalls Board, the Swedish 
State Railways and the Hemsjo Power Company 
have ordered transformers of this kind it is to 
be hoped that they will come into more general 
use. These transformers have all the good points 
of the water cooled type with none of the 
disadvantages. They can be erected anywhere, 
being independent of cooling water, even in 
badly ventilated situations, since a fan provides 
the necessary cooling air. The safety of opera# 
tion is very high following the displacement of 
the cooling water coils. As regards cost they 
do not necessitate any price increase and water 
cooled and forced air cooled transformers can 
be considered about equal in this respect. Lastly 
it may be said that this arrangement lends itself 
very well to the construction of large units for 
outdoor mounting. Asea builds these transfor# 
mers in a similar manner to the self cooled 
transformers with the difference that the cooling 
elements are closed in by cover plates. Thus 
the method involves the use of well tried 
constructions only, and the fear of faulty ope# 
ration on account of the failure of any new 


developments is quite absent. The cooling air 
is blown in through a duct leading to the 
centre of the bottom of the transformer and 
thence passes between the cover plates and the 
cooling corrugations of the ordinary tank con# 
struction. Besides the above Asea has introduced 
another construction suitable for conditions 
where the transformer can be expected to be 
subjected to great mechanical stresses and this 
construction meets most nearly the requirements 
of electric railway work. These transformers 
consist of a common plain tank made of thick 
welded wrought iron plates, but the tank is 
traversed by a system of vertical solid drawn 
steel tubes through which the cooling air passes 
and round which the oil circulates. 

Transformers cooled by oil circulation. This 
arrangement is only used for very large units 
on account of the complicated nature of the 
auxiliary apparatus. They are accordingly to be 
regarded as quite special constructions and space 
will not allow of any full description of them. 
The foregoing has however made it clear that 
no case can be imagined in which equal ad# 
vantages are not obtainable by the use of forced 
air cooling and this method can be recommen# 
ded at all times, as the necessary apparatus is 
thereby to a great degree simplified and chea# 
pened. 


THE SAFE OPERATION OF OIL IMMERSED TRANSFORMERS. 


Transformers occupy, with regard to the 
everyday stresses occurring in use, a particularly 
unfavourable position among the machines and 
apparatus constituting an electrical installation. 
Within a relatively small compass are collected 
a mass of turns of winding between which, on 
short circuit, enormous stresses arise due to 
electromagnetic forces. As all parts of a trans*: 
former are static the heat developed in the 
winding is only transmitted with difficulty to 
the surroundings or cooling medium. Between 
the different parts of the transformer, divided 
by relatively thin layers of insulating material, 
potential differences as great as 10,000 volts 
per cm or more can exist normally, while during 
disturbances, caused for example by an overhead 
line connected to the transformer, and of atmoss* 
pheric origin, they can reach several times this 
value. A consequence of this is that a trans^ 
former, to be safe in use, must be constructed 
with the greatest care, so as to be able to stand 
up to the various stresses considered, which 
occur in normal operation. A number of con:» 
siderations follow affecting the construction of 
transformers, which are carefully applied in Ue 


design of Asea transformers and which all tend 
to increase the safety of operation, 

The windings of a transformer should be 
effectively cooled. This condition is partly met 
by using thin coils and windings in which the 
heat formed has only a short way to travel 
from the interior of the winding to the cooling 
medium. By the^ use of thin coils also, the 
maximum temperature reached is more easily 
calculated and kept to in practice, while the 
formation of hot spots in the winding can be 
prevented, 

Fig. 1 shows an example of a transformer 
high tension winding divided to a considerable 
degree. The different coils are divided by oil 
channels which besides assisting the cooling 
give a high factor of safety against breakdown 
by flash^over between coils. 

The coils and windings should be efficiently 
supported and must be of such shape that the 
mechanics^ forces arising from short circuits can 
be withstood without deformation. This may 
perhaps be best secured by using a transformer 
of so called shell type, which is used by Asea 
in cases where frequently occurring short circuits 






Fig. 1. Transformer with high tension winding divided to a 
considerable degree. 


are to be expected. In core type transformers 
coils of cylindrical form are used as this shape 
most easily resists the radial stresses which 
chiefly occur with this type. The coils are 
constructed so as to obtain the greatest possible 
mechanical stability. When wire of small diameter 
is used the coils are impregnated with a binding 
and insulating compound which cements the 
separate turns together to a compact whole. 
All core transformers over some hundred kVA 
in size are provided with devices for tightening 
up the windings, as after a time these ’’settle’* 
due to the influence of the oil and without 
some such provision the coils would shift due 
to the action of electromagnetic forces to an 
extent sufficient to endanger the connections 
and insulation. By making use of strong springs 
these tightening devices are made to work 
automatically. 

The insulation should be so distributed that 
extra high local electric stresses are avoided. 
Such concentrations have in general no tiirie to 
manifest themselves during the ordinary pressure 
test, but after some time in use they lead to 
flash over and interruption of service. The intf 
sulation should further be of a material which 
has a small coefficient of expansion and care 
must be taken to see that the heat produced 
by the dielectric losses in the insulating material 


itself can easily be conducted away. By the^ 
oretical calculations and experiments with samples, 
the electric strains in the various materials have 
been determined with certainty. All dependence 
upon solid insulating material is avoided, and 
the insulation is principally -provided by oil 
channels and relatively thin sheets of solid 
material. Oil has the characteristic that between 
0—100® C its resistance to electrical breakdown 
remains practically constant and when used in 
thin layers it can compete with most solid in¬ 
sulating materials in this respect. 

The character of the oil used is of particular 
importance to the safety of operation. By system* 
matic research Asea has obtained all data re:* 
garding the most common oils on the market 
and makes use only of those of absolutely first 
quality. All oils which are used for cooling and 
insulating purposes in transformers undergo 
changes after being in use for a longer or 
shorter period due to the influence of the oxygen 
in the air. Resinous or tarry compounds are 
produced in the oil and are deposited upon the 
windings impeding or preventing the cooling. 
In an oil of good quality the changes take place 
so slowly and to such a small extent that no 
danger to operation is to be feared. 

Fig. 2 is a drastic example of the result of 
using an oil of inferior quality. The photograph 
shows a trans? 


former which is 
not of Asea’s 
manufacture, 
just as it was 
removed from 
its tank. On 
examination it 
was found that 
the insulation of 
the windings 
under the layer 
of pitch was 
burnt. Another 
example of the 
condition of an 
oil after a re^ 
latively short 
time in use is 
shown in fig. 4. 
Lumps of pitch 
were found after 
a relatively 
short time in 
use, the trans** 
former having 
been filled with 
an^ oil of infe:* 
rior quality, in 



Fig. 2. Sludging in a transformer. 
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Fig. 3. Some experiments on sludging. 


Spite of the fact that a quantity of first 
class oil remained in the transformer when it 
was filled up. 

A good preventative of sludge formation of 
this nature is, above all, the use of an oil of 
absolutely first class 
quality. Another is the 
fitting of an expansion 
vessel to the transformer 
so that air is excluded 
from it and only has 
access to the relatively 
small oil surface in the 
expansion vessel. It is 
of importance that the 
connection between the 
expansion vessel and 
the transformer is so 
arranged that warm oil 
is not able to circulate 
through the expansion 
vessel. The formation 
of sludge not only 



depends upon the area of the exposed surface 
of the oil, but also to a high degree upon the 
temperature of the oil which is in contact with 
the air. The curves in fig. 3 show the results 
obtained from some tests on sludge formation. 

Curves A and B repre:? 
sent tests with vessels 
A—B, in which oil was 
in direct contact with 
the air. The temperature 
of the oil was 100°. 
The tar compounds form^ 
ed were isolated che:? 
mically. Curve C shows 
the result of furnishing 
container A with a 
small expansion vessel C, 
in which the temperature 
did not exceed 25°. 
The test clearly shows 
the advantage gained by 
the use of a correctly ar^ 
ranged expansion vessel. 
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THE VARIABLE.SPEED, THREE-PHASE, SHUNT COMMUTATOR 

MOTOR. 


Introduction, 

The problem of speed regulation with threes* 
phase motors is a very old one. The ordinary 
induction motor, being the most widespread and 
welbknown threes^phase motor, has in general 



Fig. 1. 

been used as a basis where speed regulation was 
to be considered, and, in fact, the development 
along this line has given the best results. 

The simplest method of obtaining speed vas* 
nation with an induction motor is to insert a 
resistance in the secondary circuit. This method, 
however, suffers from the disadvantage that the 
speed depends too much upon the load — the 
speed at no load approaching synchronism. 
When explaining this simple fact it is only 
necessary to state that the rotor windings and 

5TaRTmC| 

TOROUE mc,5 



the external resistance form one closed circuit, 
so that the total sum of all voltages in this 
circuit must be equal to zero, or, in other words, 
the external voltage (= the voltage drop in 


the regulating resistance) is equivalent to the 
E.M.F.s induced in the rotor winding. If the 
external voltage is increased, ihi induced E.M.F. 
in the rotor must change in the same propor?* 
tion. Considering that the rotor E.M.F. is propor** 
tiqnal to the slip, this will also increase, i, e, 
the speed of the rotor decreases. 

If the external voltage impressed on the rotor 
winding is varying with the current, as, for 
instance, the volt drop of a regulating resistance, 
the speed can not be stable but dependent upon 
the load. 

A stable speed regulation is obtainable by 
inserting a stable voltage in the rotor or second:* 

torque: Tiir\G|5 

S»o 

G,o 



ary circuit. To this effect it is necessary to use, 
instead of the secondary regulating resistance, 
a concatenated commutator motor or generator 
connected to either the same shaft as the in¬ 
duction motor or to a constant speed motor. 
It is also possible to use a frequency converter 
connected to the shaft of the induction motor 
and with the same number of poles as the latter. 
A frequency converter is, in this case, a rotary 
converter with a laminated field without salient 
poles and without a stator winding. 

Regarding the last mentioned method of speed 
regulation it was discovered about the year 1911^ 
that the induction motor could be combined 
with, the regulating frequency converter in one 
single machine (invention by K. Schrage of 


T*TorOT=? 

. . RT=rM. 


2.0 
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the Asea). The necessairy condition is that the 
character of a frequency converter be kept: i. e. 
the primary circuit must be located in the rotor, 
thus necessitating sliprings for the energy 
supply to the motor. 

■y 

ArraTtgemeni of Windings. 

The rotor has two windings, the one — the 
primary winding — an ordinary three^^phase 
winding and connected to the sliprings, and 
the other — the regulating winding — arranged 
as a DC winding connected to a commutator. 
The secondary winding is located in the stator 
and consists of three independent phases. Both 
ends of each stator:^phase are taken out and 



connected to the required number of brush sets. 
The two sets of brushes belonging to one phase 
are moveable either towards or from each other, 
as desired. The total amount of brush rotation 
is such as to make the angle between the cor^ 
responding brushes variable from + 180 el. degr. 
to — 180 el. degr. Diagram, fig. 1, shows the 
arrangement of windings for a two:fpole motor. 

Range of Speed Variation. 

The voltage and the frequency at the slip:* 
rings being constant it is obvious that the flux, 
set up by the resultant ampere turns, revolves 
relative to the rotor with a constant speed 
dependent upon the number of poles and the 
frequency, ,,but independent of the speed of 


the rotor. The flux induces in the primary 
winding an E.M.F. that counter;*balances the 
slipring supply voltage, which is constant. As 
for a certain winding the induced E.M.F. is 
proportional to the flux times the frequency, it 



will be understood that the flux must remain 
practically constant in spite of the varying speed. 
Since the flux always rotates with a constant 
speed relative to the rotor, the E.M.F. induced 
in any turn of the rotor windings must remain 
at the same value. Thus, the voltage between 
the commutator bars remains constant whether 
the rotor is standing still or at maximum speed, 
and, what is of importance, the voltage between 
the brushes belonging to one phase is only 
dependent upon the distance or the angle bet:* 
ween those brushes. 

Say, for example, that the maximum voltage 



obtainable between the brushes. is equal to half 
of that of a stator (secondary) phase at stand:* 
still. If the motor is switched in with full voltage, 
only half the secondary voltage is balanced by 
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the brush voltage and the other half is to be 
consumed by the ohmic arid selfeinductiori re*: 
sistance, thus causing a heavy current in the 
secondary circuit. Together with the main flux 



this current produces a torque that accelerates 
the motor. The more the rotor is gaining speed, 
I. e. the slip, counted from synchronism, is 
decreasing, the more the secondary voltage is 
decreasing, because it is proportional to the slip. 
If the torque which the motor is starting against 
is very small, the speed can reach half the 
synchronous speed, the secondary voltage at 
this speed being equal to the brush voltage and 
fully balanced by the latter. If the motor is 
loaded, the speed must decrease just enough 
to allow sufficient secondary current to produce 
the necessary torque. * 

In order to further increase the speed it is 
only necessary to move the brushes towards 
each other, thus diminishing the voltage between 
them. When the brushes pass each other the 
voltage goes through zero and becomes reversed. 
The stator voltage must then be reversed too. 


which means that the motor runs at oversynchro*: 
nous speed. 

From what is said above, it is clearly under*: 
stood that the brush. voltage in proportion to 
the voltage of a stator phase at standstill deter*: 
mines the range of regulation, or more accurately 
speaking, if this ratio is called Sp and the synchro*: 
nous speed Ns, the speed is variable at no*:load from 
(1—5o) Ns to (l+5o) Ns revs, per min. 
From no-load to full load the speed drops a 
certain amount varying with the ratio of the 
secondary losses to the total energy transmitted 
through the air gap. The speed drop in revo*: 
lutions per minute is about the same at the 
lowest speed as at the highest one. For instance, 
a certain motor variable from 375 to 1,125 revs, 
at no load, drops about 75 revs, at maximum 
and minimum speed, /. e. the maximum full 


nnps 



load speed is 1,050 revs, and the minimum: full 
load speed 300 revs. However, a motor variable 
within a certain range may be required to keep 
any speed promised at any conditipn from no 
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Fig, 9. Threeophase Commutator Motor 35/10 h. p. at 1,050/350 r. p. m. with reduction 
gear 1:42 coupled direct to a calico printing machine. 


load to full load, so that in reglity, 
the motor in this case should be 
rated at 1,050 to 375 revs (if the 
manufacturer is a scrupulous one). 

The speed drop at synchronous 
speed is somewhat smaller than that 
at maximum speed. 

As already mentioned, the vol^ 
tage between adjacent commutator 
bars is always kept at a constant 
value, so long as the slipring vol^ 
tage is constant. In order to make 
the commutation sparkless, it is, 
therefore, necessary to keep the 
voltage per segment within a safe 
limit. The voltage per bar being 
limited, the maximum voltage 
between the brushes will also be 
limited and practically dependent 
upon the number of segments per 
pole. As the diameter of the com** 
mutator must be slightly smaller 
than that of the armature and the 
commutator bars not too thin, it is obvious that 
there is a practical limit for the range of regus* 
lation that should not be exceeded. But there 
is still another way of increasing this range. If 
the brush voltage cannot be increased, the stator 
voltage may be lowered in order to increase the 
value of So. However, by this method the output 
of the motor must be reduced nearly in the 
same proportion as that by which the stator 
voltage has been decreased. 

Regarding the commutation it should be ob^ 
served that it is not possible to introduce any 


commutating poles or other means to facilitate 
it, except conductors with high resistance bets* 
ween the winding and the segments. In any 
case, it is of the utmost importance to determine 
by experiments covering a considerable period, 
what maximum segment voltage is permissable 
to secure the best possible commutation and 
the least possible brush wear. In this respect 
Asea has a great advantage in having had more 
than twelve years* experience. 

Torque, etc. 

At synchronous and higher speeds, the motor 
has a torque^slip curve very similar to that of 
the induction motor. Conditions are some** 
what different below synchronism, espe** 
cially at the brush position for the minimum 
speed. With this brush position, the 
torque slip**curve has no maximum point, 
but the torque increases steadily until the 
motor is at standstill. It is not possible to 
increase the torque by inserting an external 
secondary resistance, as shown by curve 
fig. 2. Curves, fig. 3, fig. 4, 5 and 6, 
give an idea of the variation of the torque 
with the speed at different brush positions 
and with secondary resistances. 

Theoretical investigations and experi:# 
ments have shown that the influence of 
the secondary resistance upon the characs* 
teristics of the motor is considerable. Fig. 
7 shows. the »circle» diagram with the 
brushes in the position for maximum speed, 

! the upper diagram without, and the lower 
one with, an extra resistance in the seconds 



Fig. 10. Three-phase Commutator Motor, 50/17.a h. p., 700/240*r. p. m., 50 cycles 
with remote cont^l of the brush rocker by means of sprocket and chain, and wire rope. 
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dary circuit. The dia^^ 
gram shows that the 
power factor at overs« 
synchronous speed very 
soon reaches unity or 
very near it: with an 
extra resistance the or** 
dinate of the centre 
point of the circle is 
much smaller and the 
diagram becomes almost 
the same as that of the 
induction motor. In fig. 
8 two diagrams are 
given — one for the 
minimum speed brush 
position (a=180°) and 
the other for brushes 
shbrt^circuite d (stan:« 
ding in line a = 0). 
At a = 180 the running 
characteristics are not 



Fig. 11. Three^pliase Commutator Motor, 50/16.0 h. p., 850/285 r. p. m. 
50 cycles. The speed is regulated by means of contact pressure gauge 
and auxiliary motor. 


overcome by putting 
all bad contacts on the 
secondary side in good 
order. 

Regarding the me** 
chanical design it may 
be mentioned that the 
brush rocker arms are 
furnished with gear 
segments and are shifc 
ted by means of a pinis* 
on with handwheel (see 
front wiew) and for this 
reason the motor must 
be installed so that this 
handwheel is easily 
accessible for regular? 
tion. If this is not pos?? 
sible, then it will be 
necessary to use shaft 
and bevel gears for 
remote control (see fig. 


so good, cos 9? being 

rather bad. However, it may be helped to some 
extent by an unsymmetrical brush position, but 
still it cannot be much better than about 0.8 
without an undue increase of the secondary 
current especially at no load. 

The great sensitiveness of the motor to variar? 
tions of the resistance in the secondary circuit 


9) or else the hand;? 
wheel can be exchanged for a sprocket and 
chain so that the brushes can be shifted by 
means of a wire rope, which can be carried over 
block pulleys to almost any position desired 
(see fig. 10). The speed of the commutator 
motor shown in fig. 11 is regulated by means of a 
small auxiliary motor, which in turn is ope*? 


together with the fact that the secondary re:? rated by a contact pressure gauge and relay, 
sistance which, to a great extent consists of carbon The most characteristic features of this motor 


contact resistance and varies considerably with are as follows: 



which has been observed on rare occasions with 1. The motor can be started without rheostats, 
individual motors. The hunting is solely due to by connecting in the motor on the line with 
some bad contact in the secondary circuit and the brushes in the start position, when -the 
in some two or three cases where this has been motor immediately starts and accelerates to about 
experienced, it has always been successfully Va of the maximum speed. With l.s tynes normal 
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full load line current, the 
motor gives a starting 
torque which is equal 
to twice full load torque 
for the small motors up 
to about 25 h.p., l.sti*? 
mes full load torque 
for the larger nonrevers* 
sible motors, and full 
load torque for the larger 
reversible motors. If 
very slow starting is 
sired, this can be secu** 
red by means of a start:^ 
ing rheostat. 

2. Very simple and ah 
solutely continuous speed 
regulation, as explained 
above, is secured by 
shifting the brushes only, 
and, therefore, is accom;* 
plished without any re^ 
gulating apparatus whats^ 
soever and consequent 
losses in same. The regulation is done while 
the motor is running under load, 

3. Wide regulation possibilities. The speed can 
be regulated by shifting the brushes only, from 
the maximum speed down to about ^/s and in 
special cases even down to of the maximum 
speed. If it should ever be necessary to run at 
still lower speeds, as is the case when starting 
certain textile and paper machines, this can easily 
be accomplished by means of a rheostat, such 
as is used with slip:*ring type induction motors. 
In this case, however, the speed of the com^ 
mutator motor will become dependent on the 
load, in the same way as when a rheostat is used 
for speed regulation with an induction motor. 

4. The motor has shunt characteristics, its 
speed is therefore, practically independent of 
variations in the load. 

The change in speed 
from no load to full 
load is only about 5 to 
8 ^ of the motor s 
maximum speed. 

5. The motor can give 
constant torque at any 
speed, the horsepower 
output is, therefore, pro*! 
portional to the speed. 

A shunt regulated direct 


current motor gives full 
torque only at the low^* 
est speed. 

6. As previously men** 
tioned, the speed regus* 
lation is effected withs* 
out any extra losses in 
the regulating appara:* 
tus.The overall efficiency 
is, therefore, much high^ 
er for a commutator 
motor than for an 
duction motor with regu:^ 
lating resistance in the 
secondary circuit, and 
also higher than for 
a Converter and direct 
current motor in the 
WardtfLeonard connec:* 
tion. Figs 12 and 13 
show the input to a com^ 
mutator motor at differs 
rent speeds as compared 
with an induction motor 
and with a Wards^Leonard set respectively. The 
crosss*sectioned area between the curves repress 
sents the energy which is saved on account of 
the higher efficiency of the commutator motor. 

The power factor at the highest speed is 0.95 
to 1.0 but is lower at the lower speeds. The 
shifting of the brushes is made unsymmetrical 
on the larger sizes in order to improve both 
the power factor and the starting torque. This 
method cannot, however, be used on reversible 
motors. 

7. The motor is made for standard voltages 
so that it can be used without transformers on 
ordinary commercial circuits. 

From the above it will be apparent that this 
motor can be used anywhere where a threes^ 
phase motor with large range of speed regulas* 
tion is required. It will 
undoubtedly be specially 
welcome for installa:^ 
tions where constant 
speed motors are chiefly 
installed, but where a 
few adjustable speed 
motors are also required, 
and for which it would 
otherwise be necessary to 
convert the alternating 
current into direct current. 




Fig. 15. ThrecKphase Commutator Motor 9/3 h. p. 
with reduction gear 1:0.». 




104 


ASEA40URNAL 


OVERHEAD CONSTRUCTION ON THE DRAMMEN RAILWAY. 

The Norwegian State Railway running from The insulators consist of two parts cemented 
Christiania V to Drammen is now electrified as together. The distance between the supporting 
far as Brageroen, a station about 2 km from poles is 60 m on the straight, with a suitable 





sec//o/7 


S/ro/n/n^ 
Sfrotntn^ Of^M-vcc* 


Sfroinin^ o^ytce 


^c/ion tnsu/ofor on &ot/6/e 
Fig. 1. Continuously strained system of trolley wire support. 


Drammen. Electric trains, for the time being, reduction at curves, 
are not able to run beyond this point, as the as far as possible, 

bridge over the Moller^ - 

holmen, which connects 
the northern and souths 
ern parts of Drammen, 
is not at present capable 
of carrying the weight of 
the electric locomotives. 

The length of line over 
which trolley wire has 
been erected is about 51 
km and of this the 13 
km stretch between 
Christiania and Sand^ 
viken is double track ^ 
construction, making the 
total length of main line 
single track electrified 
about 64 km. To this 
must be added 30 km 
of sidings at the 19 
stations. 

The following partif* 
culars apply to the over** 
head construction, which 
is in accordance with 
the specification drawn 
up by the Norwegian 
State Railways. 

The single catenary 
system of suspension is 
used for the trolley wire. Hg. 2. standard bracket.arm. 



The trolley wire is supported, 
on bracket arms. On stretches 
where there are more 
than two tracks the sus^ 
pension is from cross 
structures. 

The contact wire is 
supported on the coiis^ 
tinuously strained system 
with counter weight and 
spring straining devices. 
The height of the trolley 
wire is on open track 
5 V 2 m and at stations 
and road crossings 6 m. 

The size of the trolley 
wire and the design of 
the equipment has been 
determined by the fob 
lowing considerations. 

Greatest wind pressure 
125 kg/m\ 
Temperature limits 
- 35° and + 40° C. 

Ice loading for the 
wire 200 + 50 dg/m. 
(d = the diameter of 
trolley wire in mm). 

Ice loading for iron 
work 20 ^ of the weight 
of the structure. * 
The cross sectional 
area of the ^trolley wire 
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is on the main line 80 mm^ 
copper. On sidings it is 50 
mm‘^ copper. The catenary 
or messenger cable has a cross 
sectional area on the main 
line of 50 mm^ and on 
sidings 40 mm^. 

As regards insulators, it 
has been specified that these 
shall on test withstand a 
mechanical loading three 
times as great as the maxi:* 
mum load which could be 
thrown upon them under 
working, conditions. Further 
they must withstand a sudden 
change in temperature be** 
tween 0° and 100° C. The 
flash over voltage under rain 
test directed at an angle of 
45° on to the insulators is 
not less than 40,000 volts. 

The rails are bonded by 
copper conductors having a 
cross sectional area of approximately 50 mm^ 
and all structural ironwork and metal parts 
situated within a distance of 1 m of any live 


conductor are earthed to the 
track. 

When Asea’s representa:? 
fives in Norway, A/S Per 
Kure, N. M.D.F. were settling 
the question of the trolley 
wire construction they had 
the advantage of the valuable 
experience which was ob:* 
tained by Asea on the Riks:? 
grans Railway, which was 
electrified in the years 1911 
to 1914. 

It was found however in 
calculating out the various 
parts used in construction on 
the basis of the stipulated 
requirements, that most of 
the details used on the Riks** 
grans Railway would have 
to be strengthened or rede^ 
signed. A new design was 
also necessary since here the 
insulators could not be placed 
over the centre of the track, as in the case of 
the Riksgrans Railway, because for some time 
to come steam trains will be running in addition to 
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Fig. 6. Section insulator with line switch. 

electric trains, and the arrangement would have 
allowed a deposit of soot to impair the insulation. 

The object of the continuously strained system 
is to obtain great safety against breakage of the 
overhead wire and to ensure good running 
contact conditions at all temperatures. With the 
older systems, when the trolley wire is strained 
between the ends of each section, the sag of the 
wire is greater or less as the temperature varies. 
In the first case especially the contact between 
the collecting bow and the trolley wire is often 
particularly unsatisfactory, while at low tempe:* 
ratures dangerous loads are thrown on the poles 
and other constructional details. 

All these disadvantages disappear in the con;* 
tinuously strained system, which has been used 
on the Drammen Railway and which is shown 
schematically in fig. 1. 

As will be clear from the above diagram the 
temperature variations of the wire are taken up 
by weights which keep the tension on the trolley 
wire practically constant at all temperatures. In 
order that the line wire can move without hinds 
ranee in the longitudional direction, the bracket 
arms to which the wire is made 
fast must follow the movements 
of the wire and they are accors 
dingly pivoted at the ends. 

Figs 2 and 3 show the type of 
bracket arms employed. The bracket 
arms can swing about the two 
insulators which are mounted on 
the poles, one above the other, 
and whose supporting pins are 
loose in their brackets. To ensure 
good contact it is also essential 
for the trolley wire to be free to 
move vertically at the points of 
suspension, so that the locomotive 
collector bow will pass smoothly 


beneath. This requirement is also 
fulfilled as the push^off of the 
bracket arm, which is fixed to the 
bottom insulator, can swing in the 
vertical plane. 

A further requirement for good 
contact properties is that the sag 
of the trolley wire must be the 
least possible, so that the collector 
bow which is held against the 
wire by springs need only make 
small vertical movements. This 
requirement is met by using cates* 
nary suspension. With a normal 
span of 60 m the trolley wire is 
supported every 20 m and is 
strained to an extent corresponding 
to a sag of 5 cm. Experience has 
shown that this amount will give satisfactory 
contact up to running speeds of 90 km per hour. 

The method of straining by weights referred 
to above is shown in fig. 4. On open stretches 
of track the trolley wire is erected in sections 
each 1500 m long. At each end of the section 
a counter weight is placed. In the middle of 
each section the trolley wire is anchored and 
accordingly each weight strains a length of 750 m. 

A necessary condition of satisfactory working 
is that the system is installed throughout and 
that the shortest length of trolley wire in use 
is furnished with a straining device. 

As it would be altogether too expensive to 
provide all the many short lengths of trolley 
wire occuring, for example, in station yards etc., 
and having a length of perhaps only 10 m or 
so, with weight straining devices, a different 
arrangement has been used for these, and a 
spring straining device adopted. On the Dram? 
men Railway all sections of trolley wire under 
200 m in length are strained by springs. 

By this means, it is true, absolutely constant 
strain cannot be maintained on the trolley wire 



Fig. 7. Supporting structures. 
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at all temperatures, but experience 
has shown that the variation in 
the pull exerted by the spring is 
not sufficient to affect the contact 
obtained seriously. Fig. 5 shows 
a spring straining device having 
two springs, which is used on 
lengths of line between 100 and 
200 m in length. Lengths of trolley 
wire such as those in question are 
anchored at the far end. Fig. 5 
also shows how this anchoring is 
effected. 

The sections of trolley wire are 
connected together through overhe:« 
ad switches as shown in fig. 6. This 
figure also shows the design of 
double bracket arm which is used 
at the ends of sections. Both lengths of trolley 
wire are here insulated from one another. 

These section insulator bracket arms are so 
constructed that the two trolley wires are free 
to move in opposite directions. It will be seen 
that the overhead construction is comparatively 
simple and easy along the open sections of the 
line, but as a station is approached the proposition 
alters considerably, as is shown in figs. 7 and 8. 

Here it is necessary to support trolley wires 
over a number of parallel tracks. At these points 
it would hardly do to make use of a pole at 
each point of support as there would be in some 
places a forest of poles which would obscure 
the driver’s free view of the signals. In order 
to interrupt the view at these points as little as 
possible cross structures- have been used to a 
great extent for supporting the contact wire. 

It would occupy too much space to describe 
the various designs of cross girder construction 
employed and the method of their application. 
Fig. 9 is a view showing clearly the difficulties met 


with in electrifying a section outside Christiania V. 
Four tracks run here through a narrow neck lead*: 
ing towards Christiania and spread in the direct 
tion of Christiania V into a much larger system with 
a complicated layr^out of points and branch lines. 

An auxiliary feeder conductor having a cross 
sectional area of 50 mm® follows the trolley wire 
throughout its length and is supported on the 
trolley wire poles along the whole of the single 
track sections. This conductor is a part of the 
arrangement used on the Drammen Railway 
for neutralising the telephone disturbing effects. 

As a protection against electro^magnetic inj* 
duction in the telephone and telegraph wires 
track transformers are used. On the single track 
line from Sandviken to Brageroen a transformer 
with three windings is installed at every 1500 m. 
This transformer has a secondary winding for 
connecting in the track circuit and two primary 
windings of which one is connected in the trolley 
wire and the other in the auxiliary conductor. 

On double track sections double transformers 
are installed one for each track 
with its own trolley wire. 

The arrangement in principle is 
in accordance with fig. 10 which 
shows the connection diagram for 
part of the single track and double 
track sections. 

The track transformers are con?* 
tained in kiosks, the appearance of 
which is shown in fig. 11. 

The auxiliary conductor makes 
it possible to localise faults on the 
overhead construction and limits 
the effect of breakdowns to a 
length of 1500 m. The same object 
is sought in the arrangement of 
the switch houses erected at the 
larger stations, from which any 



]fig. 9. Arrangement of trolley wires at Christiania V. 
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Fig. 11. Track transformer kiosk. 


The welding apparatus is provided with an 
automatic regulating device and works prac^ 
tically without attention. The welding was 
carried out without interfering with the runn^ 
ing of traffic and fig. 15 shows one of the 
welders at work. As far as railway practice 
in Scandinavia goes this method of welding the 
rail bonds has been used for the first time. 

An important detail of the equipment, to which 
particular attention was given on the Drammen 


particular track or group of tracks 
can be connected according to 
requirements, Fig. 12 shows the 
switchhouse at Lysaker and fig. 13 
the diagram of connections for 
the arrangement of apparatus in 
this building. 

The rails are bonded with copper’ 
bonds throughout. These bonds 
are arc welded to the side of the* 
rail head, as shown in fig. i4. 
A portable welding outfit is used 
consisting of a 15 h.p. Penta motor 
with D.C. generator, series resist:* 
ance, and other necessary apparatus, 
all carried in a railway wagon. 



Fig. 12. Switch house at Lysaker station. 
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Fig. 13. Diagram of the connections at Lysaker station. 


Railway is the type of safety device adopted 
to prevent accidents through touching the high 
tension current carrying conductors and struct 
tural ironwork. It followed from the question 
being so long drawn out that definite particulars 
for the protective devices were not finally settled 
until the last stage of the work. Here, as in 
other localities it was desired not to do too 
much or too little in the way of protection. 
The Drammen Railway runs partly through a 


but at the same time a railway is under an 
obligation to minimise the possibility of people 
running themselves into danger, even if they 
are trespassing. On the other hand the pro:^ 
tective devices must not be of excessive size 
and the maintenance cost of them not be 
prohibitive. 

After careful tests a standard screen consist:# 
ing of fine mesh iron wire netting has been 
approved by the local authorities. Figs 16 and 



Fig. 14. Rail bond. 


thickly populated district and also partly through 
country which is very largely visited by sports:# 
men. About 40 bridges span the railway and 
for long distances the high road runs parallel 
to the line. From Sandviken to Brageroen the 
line runs through deep cuttings in rocky country. 
In many of these places the live conductors 
are so near to accessible places that the danger 
of interference, either accidental or intentional, 
is very great. The line is, of course, fenced in 
and on each pole a warning notice is fixed. 



Fig. 15. Welder at work. 










Fig. 16. Protecting screen at bridge. 


17 show how this net is used where bridges 
cross over the line when the trolley wire lies 


less than one metre from the footway of the 
bridge. The photograph of the bridge shown 
in fig. 17 shows a protecting screen in the 
form of a fence and also the method of taking 
the auxiliary feeder conductor over the bridge. 

Fig. 18 shows a protecting net mounted upon 
a pole in such a way as to prevent persons 
who have climbed over the railway fencing 
coming by any means into contact with the 
lower insulator, which supports the bracket arm 
and which carries the full voltage of 15,000. 

The whole overhead system has now been 
in use for a couple of years and during this time 
no trouble worthy of note has arisen. 



Fig. 18. Shield pattern screen. 









ASEA40URNAL 


111 


CURRENT ILLUSTRATIONS. 



SOME PICTURES FROM ASEA’S FACTORIES, VESTERAS, SWEDEN. 

I) Workshop for large machines. 2) Some large machines under construction. 3) Testing room for small motors. 4) Manufacturing 
railway and Txamcar bodies. 5) Manufacturing of large oilswitches. 6) Workshop for small and medium sized machines. 7) Rotor 
of a modern 12,000 kVA three-phase generator. 8) The »Mimer» works for smSlI and medium sized machines, 9) The head office. 
10) The head office, works for small and medium sized machines as well as foundries. 
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the VARIABLE.SPEED, THREE-PHASE, SHUNT COMMUTATOR 

MOTOR. 


Introduction. 

The problem of speed regulation with three:* 
phase motors is a very old one. The ordinary 
induction motor, being the most widespread and 
well-known three-phase motor, has in general 



Fig. 1. 

been used as a basis where speed regulation was 
to be considered, and, in fact, the development 
along this line has given the best results. 

The simplest method of obtaining speed va¬ 
riation with an induction motor is to insert a 
resistance in the secondary circuit. This method, 
however, suffers from the disadvantage that the 
speed depends too much upon the load — the 
speed at no load approaching synchronism. 
When explaining this simple fact it is only 
necessary to state that the rotor windings and 
STaRTiniGi 

torque: mcis 



the external resistance form one closed circuit, 
so that the total sum of all voltages in this 
^ust be equal to zero, or, in other words, 
the external voltage (= the voltage drop in 


the regulating resistance) is equivalent to the 
E.M.F.s induced in the rotor winding. If the 
external voltage is increased, th« induced E.M.F. 
in the rotor must change in the same propor¬ 
tion. Considering that the rotor E.M.F. is propor¬ 
tional to the slip, this will also increase, i. e. 
the speed of the rotor decreases. 

If the external voltage impressed on the rotor 
winding is varying with the current, as, for 
instance, the volt drop of a regulating resistance, 
the speed can not be stable but dependent upon 
the load. 

A stable speed regulation is obtainable by 
inserting a stable voltage in the rotor or second- 

TOKQUE.TH^CH5 



ary circuit. To this effect it is necessary to use, 
instead of the secondary regulating resistance, 
a concatenated commutator motor or generator 
connected to either the same shaft as the in¬ 
duction motor or to a constant speed motor. 
It is also possible to use a frequency converter 
connected to the shaft of the induction motor 
and with the same number of poles as the latter. 
A frequency converter is, in this case, a rotary 
converter with a laminated field without salient 
poles and without a stator winding. 

Regarding the last mentioned method of speed 
regulation it was discovered about the year 1911, 
that the induction motor could be combined 
with the regulating frequency converter in one 
single machine (invention by K. H. Schrage of 
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the Asea). The necessary condition is that the 
character of a frequency converter be kept: r. e. 
the primary circuit must be located in the rotor 
thus necessitating sliprings for the enere\^ 
supply to the motor. 

Arrangement of Windings, 

The rotor has two windings, the one — the 
primary winding — an ordinary threejsphase 
winding and connected to the sliprings, and 
the other — the regulating winding — arranged 
as a DC winding connected to a commutator. 
The secondary winding is located in the stator 
and consists of three independent phases. Both 
ends of each stator*fphase are taken out and 



connected to the required number of brush sets. 
The two sets of brushes belonging to one phase 
are moveable either towards or from each other, 
as desired. The total amount of brush rotation 
is such as to make the angle between the cox^ 
responding brushes variable from + 180 el. degr. 
to — 180 el. degr. Diagram, fig. 1, shows the 
arrangement of windings for a two^spole motor. 

Range of Speed Variation, 

The voltage and the frequency at the slips' 
rings being constant it is obvious that the flux, 
set up by the resultant ampere turns, revolves 
relative to the rotor with a constant speed 
dependent upon the number of poles and the 
frequency, but independent of the speed of 


the rotor. The flux induces in the primary 
winding an E.M.F. that counter^sbalances the 
slipring supply voltage, which is constant. As 
tor a certain winding the induced E.M.F. is 
proportional to the flux times the frequency, it 



will be understood that the flux must remain 
practically constant in spite of the varying speed. 
Since the flux always rotates with a constant 
speed relative to the rotor, the E.M.F. induced 
in any turn of the rotor windings must remain 
at the same value. Thus, the voltage between 
the commutator bars remains constant whether 
the rotor is standing still or at maximum speed, 
and, what is of importance, the voltage between 
the brushes belonging to one phase is only 
dependent upon the distance or the angle bet** 
ween those brushes. 

Say, for example, that the maximum voltage 



obtainable between the brushes is equal to half 
of that of a stator (secondary) phase at stand** 
still. If the motor is switched in with full voltage, 
only half the secondary voltage is balanced by 
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the brush voltage and the other half is to be 
consumed by the ohmic and selfdnduction re;* 
sistance, thus causing a heavy current in the 
secondary circuit. Together with the main flux 



Fig. 7. Dotted circle as calculated &om motor data. 


this current produces a torque that accelerates 
the motor. The more the rotor is gaining speed, 
z. e. the slip, counted from synchronism, is 
decreasing, the more the secondary voltage is 
decreasing, because it is proportional to the slip. 
If the torque which the motor is starting against 
is very small, the speed can reach half the 
synchronous speed, the secondary voltage at 
this speed being equal to the brush voltage and 
fully balanced by the latter. If the motor is 
loaded, the speed must decrease just enough 
to allow sufficient secondary current to produce 
the necessary torque. 

In order to further increase the speed it is 
only necessary to move the brushes towards 
each other, thus diminishing the voltage between 
them. When the brushes pass each other the 
voltage goes through zero and becomes reversed. 
The stator voltage must then be reversed too. 


which means that the motor runs at bversynchro^ 
nous speed. 

From what is said above, it is clearly under:* 
stood that the brush voltage in proportion to 
the voltage of a stator phase at standstill deter:* 
mines the range of regulation, cyr more accurately 
speaking, if this ratio is called So and the synchro;* 
nous speed Ns, the speed is variable at nodoad from 
(1—5o) Ns to (l+So) Ns revs, per min. 
From nodoad to full load the speed drops a 
certain amount varying with the ratio of the 
secondary losses to the total energy transmitted 
through the air gap. The speed drop in revo;* 
lutions per minute is about the same at the 
lowest speed as at the highest one. For instance, 
a certain motor variable from 375 to 1,125 revs, 
at no load, drops about 75 revs, at maximum 
and minimum speed, /. e. the maximum full 


RriPS 



Fig. 8. Dotted circle as calculated from motor data. 


load speed is 1,050 revs, and the minimum full 
load speed 300 revs. However, a motor variable 
within a certain range may be required to keep 
any speed promised at any condition from no 
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Fig, 9. Threexphiise Commutator Motor 35/10 h.p. at 1,050/350 r. p. m. with reduction 
gear 1 :42 coupled direct to a calico printing machine. 


load to full load, SO that in reality, 
the motor in this case should be 
rated at 1,050 to 375 revs (if the 
manufacturer is a scrupulous one). 

The speed drop at synchronous 
speed is somewhat smaller than that 
at maximum speed. 

As already mentioned, the voh 
tage between adjacent commutator 
bars is always kept at a constant 
value, so long as the slipring vob 
tage is constant. In order to make 
the commutation sparkless, it is, 
therefore, necessary to keep the 
voltage per segment within a safe 
limit. The voltage per bar being 
limited, the maximum voltage 
between the brushes will also be 
limited and practically dependent 
upon the number of segments per 
pole. As the diameter of the com:* 
mutator must be slightly smaller 
than that of the armature and the 
commutator bars not too thin, it is obvious that 
there is a practical limit for the range of regu:* 
lation that should not be exceeded. But there 
is still another way of increasing this range. If 
the brush voltage cannot be increased, the stator 
voltage may be lowered in order to increase the 
value of So* However, by this method the output 
of the motor must be reduced nearly in the 
same proportion as that by which the stator 
voltage has been decreased. 

Regarding the commutation it should be ob** 
served that it is not possible to introduce any 


commutating poles or other means to facilitate 
it, except conductors with high resistance bet:* 
ween the winding and the segments. In any 
case, it is of the utmost importance to determine 
by experiments covering a considerable period, 
what maximum segment voltage is permissable 
to secure the best possible commutation and 
the least possible brush wear. In this respect 
Asea has a great advantage in having had more 
than twelve years’ experience.* 

Torque, etc* 

At synchronous and higher speeds, the motor 
has a torque^slip curve very similar to that of 
the induction motor. Conditions are some** 
what different below synchronism, espe:* 
cially at the brush position for the minimum 
speed. With this brush position, the 
torque slip^scurve has no maximum point, 
but the torque increases steadily until the 
motor is at standstill. It is not possible to 
increase the torque by inserting an external 
secondary resistance, as shown by curve 
fig. 2. Curves, fig. 3, fig. 4, 5 and 6, 
give an idea of the variation of the torque 
with the speed at different btush positions 
and with secondary resistances. 

Theoretical investigations and experi** 
ments have shown that the influence of 
the secondary resistance upon the charac** 
teristics of the motor is considerable. Fig. 
7 shows the »circle» diagram with the 
brushes in-the position for maximum speed, 
the upper diagram without, and the lower 
one with, an extra resistance in the secon** 
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dary circuit. The dia^^ 
gram shows that the 
power factor at over^ 
synchronous speed very 
soon reaches unity or 
very near it: with an 
extra resistance the or^ 
dinate of the centre 
point of the circle is 
much smaller and the 
diagram becomes almost 
the same as that of the 
induction motor. In fig. 

8 two diagrams are 
given — one for the 
minimum speed brush 
position (a=180°) and 
the other for brushes 
shorts^circuited (stans« 
ding in line a = 0). 

At a = 180 the running 
characteristics are not 
so good, cos g) being 

rather bad. However, it may be helped to some 
extent by an unsymmetrical brush position, but 
still it cannot be much better than about O.s 
without an undue increase of the secondary 
current especially at no load. 

The great sensitiveness of the motor to varia^ 
tions of the' resistance in the secondary circuit 
together with the fact that the secondary re^^ 
sistance which, to a great extent consists of carbon 
contact resistance and varies considerably with 
the current, offers an explanation of the hunting 



Fig. 11. Three*phase Commutator Motor, 50/16.tt h. p., 850/285 r. p. ra. 
50 cycles. The speed is regulated by means of contact pressure gauge 
and auxiliary motor. 


overcome by putting 
all bad contacts on the 
secondary side in good 
order. 

Regarding the mtn 
chanical design it may 
be mentioned that the 
brush rocker arms are 
furnished with gear 
segments and are shifc 
ted by means of a ipinU 
on with handwheel (see 
front wiew) and for this 
reason the motor must 
be installed so that this 
handwheel is easily 
accessible for regulas* 
tion. If this is not posj* 
sible, then it will be 
necessary to use shaft 
and bevel gears for 
remote control (see fig. 
9) or else the hand:* 
wheel can be exchanged for a sprocket and 
chain so that the brushes can be shifted by 
means of a wire rope, which can be carried over 
block pulleys to almost any position desired 
(see fig. 10). The speed of the commutator 
motor shown in fig. 11 is regulated by means of a 
small auxiliary motor, which in turn is ope:* 
rated by a contact pressure gauge and relay. 

The most characteristic features of this motor 
are as follows: 




which has been observed on rare occasions with 
individual motors. The hunting is solely due to 
some bad contact in the secondary circuit and 
in some two or three cases where this has been 
experienced, it has always been successfully 


1. The motor can be started without rheostats, 
by connecting in the motor on the line with 
the brushes in the start position, when^ the 
motor immediately starts and accelerates to about 
of the maximum speed. With 1.5 times normal 
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full load line current, the 
motor gives a starting 
torque which is equal 
to twice full load torque 
for the small motors up 
to about 25 h.p., I .5 tis: 
mes full load torque 
for the larger nonrevers^ 
sible motors, and full 
load torque for the larger 
reversible motors. If 
very slow starting is de? 
sired, this can be secu^ 
red by means of a starts' 
ing rheostat. 

2. Very simpZe and afes* 
sohitely continuous speed 
vegulation, as explained 
above, is secured by 
shifting the brushes only, 
and, therefore, is accoms* 
plished without any re?* 
gulating apparatus what** 
soever and consequent 
losses in same. The regulation is done while 
the motor is running under load, 

3. Wide regulation possibilities. The speed can 
be regulated by shifting the brushes only, from 
the maximum speed down to about Vs and in 
special cases even down to V 4 of the maximum 
speed. If it should ever be necessary to run at 
still lower speeds, as is the case when starting 
certain textile and paper machines, this can easily 
be accomplished by means of a rheostat, such 
as is used with slip**ring type induction motors. 
In this case, however, the speed of the com** 
mutator motor will become dependent on the 
load, in the same way as when a rheostat is used 
for speed regulation with an induction motor. 

4. The motor has shunt characteristics, its 
speed is therefore, practically independent of 
variations in the load. 

The change in speed 
from no load to full 
load is only about 5 to 
8 of the motor’s 
maximum speed. 

5. The motor can give 
constant torque at any 
speed, the horsepower 
output is, therefore, pros* 
portional to the speed. 

A shunt regulated direct 


— 

current motor gives full 
torque only at the low^ 
est speed. 

6. As previously mens* 
tioned, the speed regus 
lation is effected with** 
out any extra losses in 
the regulating apparass 
tus.The overall efficiency 
is, therefore, much highs* 
er for a commutator 
motor than for an in*s 
duction motor with regu# 
lating resistance in the 
secondary circuit, and 
also higher than for 
a Converter and direct 
current motor inj the 
Wards*Leonard connec** 
tion. Figs 12 and 13 
show the input to a com# 
mutator motor at diffe** 
rent speeds as compared 
with an induction motor 
and with a WardssLeonard set respectively. The 
cross**sectioned area between the curves repre# 
sents the energy which is saved on account of 
the higher efficiency of the commutator motor. 

The power factor at the highest speed is O .95 
to 1.0 but is lower at the lower speeds. The 
shifting of the brushes is made unsymmetrical 
on the larger sizes in order to improve both 
the power factor and the starting torque. This 
method cannot, however, be used on reversible 
motors. 

7. The motor is made for standard voltages 
so that it can be used without transformers on 
ordinary commercial circuits. 

From the above it will be apparent that this 
motor can be used anywhere where a three# 
phase motor with large range of speed regula# 
tion is required. It will 
undoubtedly be specially 
welcome for installa# 
tions where constant 
speed motors are chiefly 
installed, but where a 
few adjustable speed 
motors are also required, 
and for which if would 
otherwise be necessary to 
convert the alternating 
currentinto direct current. 



Fig, 14. Ihrcc^phasc Commutator Motor 24/8 h.p., driving a whecldathe. 



Fie. 15. Three-phase Commutator Motor 9/3 h. p. 
^ yrlth /eduction gear 1: Q.«, 



OVERHEAD CONSTRUCTION ON THE DRAMMEN RAILWAY. 


The Norwegian State Railway running from The insulators consist of two parts cemented 

Christiania V to Drammen is now electrified as together. The distance between the supporting 

far as Brageroen, a station about 2 km from poles is 60 m on the straight, with a suitable 




S^ratnin^ 


S^cr/on fhsa/a/or on c/ou6/e rrock 
Fig. 1, Continuously strained system of trolley wire support. 


Drammen. Electric trains, for the time being, 
are not able to run beyond this point, as the 
bridge over the Mollers* 
holmen, which connects 
the northern and south;^ 
ern parts of Drammen, 
is not at present capable 
of carrying the weight of 
the electric locomotives. 

The length of line over 
which trolley wire has 
been erected is about 51 
km and of this the 13 
km stretch between 
Christiania and Sand:* 
viken is double track 
construction, making the 
total length of main line 
single track electrified 
about 64 km. To this 
must be added 30 km 
of sidings at the 19 
stations. ^ 

The following partis 
culars apply to the t)ver:s 
head construction, which 
is in accordance with 
the specification drawn 
up by the Norwegian 
State Railways. 

The single catenary 
system of suspension is 
used for the trolley wire. Fig. 2. stan 


reduction at curves, 
as far as possible, 



Fig. 2. Standard bracket<arm. 


The trolley wire is supported, 
on bracket arms. On stretches 
. .. where there are more 
than two tracks the sus? 
pension is from cross 
structures. 

The contact wire is 
supported on the con:* 
tinuously strained system 
with counter weight and 
spring straining devices. 
The height of the trolley 
wire is on open track 
5 V 2 m and at stations 
and road crossings 6 m. 

The size of the trolley 
wire and the design of 
the equipment has been 
determined by the fob 
lowing considerations. 

Greatest wind pressure 
125 kg/m^ 

Temperature limits 
- 35° and + 40° C. 

Ice loading for the 
wire 200 + 50 dg/m. 
(d = the djameter of 
trolley wire in mm). 

Ice loading for iron 
work 20 ^ of the weight 
of the structure. 

The cross sectional 
area of the trolley wire 
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is on the main line 80 mm^ 
copper. On sidings it is 50 
mm^ copper. The catenary 
or messenger cable has a cross 
sectional area on the main 
line of 50 mm^ and on 
sidings 40 mm^. 

As regards insulators, it 
has been specified that these 
shall on test withstand a 
mechanical loading three | 
times as great as the maxi^ 
mum load which could be 
thrown upon them under 
working conditions. Further 
they must withstand a sudden 
change in temperature bes* 
tween 0° and 100° C. The 
flash over voltage under rain 
test directed at an angle of 
45° on to the insulators is 
not less than 40,000 volts. 

The rails are bonded by ^*‘'**' 

copper conductors having a 
cross sectional area of approximately 50 mm^ 
and all structural ironwork and metal parts 
situated within a distance of 1 m of any live 









Fig. 3. Standard brackct«arin. 


conductor are earthed to the 
track. 

When Asea’s representa?* 
tives in Norway, A/S Per 
Kure, N. M.D. F. were settling 
the question of the trolley 
wire construction they had 
the advantage of the valuable 
experience which was ob** 
tained by Asea on the Riks:« 
grans Railway, which was 
electrified in the years 1911 
to 1914. 

It was found however in 
calculating out the various 
parts used in construction on 
the basis of the stipulated 
requirements, that most of 
the details used on the Riks:: 
grans Railway would have 
to be strengthened or rede^ 
signed, A new design was 
:d bracket-arm. necessary since here the 

insulators could not be placed 
over the centre of the track, as in the case of 
the Riksgrans Railway, because for some time 
to come steam trains will be running in addition to 



Fig* Counter-weight straining device. 


Fig. 5. Spring straining device. 
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beneath. This requirement is also 
fulfilled as the push:*off of the 
bracket arm, which is fixed to the 
bottom insulator, can swing in the 
vertical plane. 

A further requirement for good 
contact properties is that the sag 
of the trolley wire must be the 
least possible, so that the collector 
bow which is held against the 
wire by springs need only make 
small vertical movements. This 
requirement is met by using cate^ 
nary suspension. With a normal 
span of 60 m the trolley wire is 
supported every 20 m and is 
strained to an extent corresponding 
to a sag of 5 cm. Experience has 
electric trains, and the arrangement would have shown that this amount will satisfactory 

allowed a deposit of soot to impair the insulation, contact up to running speeds of 90 km per hou^ 
The object of the continuously strained system The method of straining by weights referred 
is to obtain great safety against breakage of the to above is shown in fig. 4. On open stretches 
overhead wire and to ensure good running of track the trolley wire is erected in sections 

contact conditions at all temperatures. With the each 1500 m long. At each end of the section 

older systems, when the trolley wire is strained a counter weight is placed. In the fiddle of 

between the ends of each section, the sag of the each section the trolley wire is anchored and 

wire.is greater or less as the temperature varies, accordingly each weight strains a length of 750 m. 
In the first case especially the contact between A necessary condition of satisfactory working 
the collecting bow and the trolley wire is often is that the system is installed throughout and 
particularly unsatisfactory, while at low tempe** that the shortest length of trolley wire in use 
ratures dangerous loads are thrown on the poles is furnished with a straining device, 
and other constructional details. . As it would be altogether too expensive to 

All these disadvantages disappear in the cons^ provide all the many short lengths of trolley 
tinuously strained system, which has been used wire occuring, for example, in station yards etc., 
on the Drammen Railway and which is shown and having a length of perhaps only 10 m or 
schematically in fig. 1. so, with weight straining devices, a different 

As will be clear from the above diagram the arrangement has been used for these, and a 
temperature variations of the wire are taken up spring straining device adopted. On the Drams 
by weights which keep the tension on the trolley men Railway all sections of trolley wire under 
wire practically constant at all temperatures. In 200 m in length are strained by springs, 
order that the line wire can move without hinds By this means, it is true, absolutely constant 
ranee in the longitudional direction, the bracket strain cannot be maintained on the trolley wire 
arms to which the wire is made 
fast must follow the movements 
of the wire and they are accors 
dingly pivoted at the ends. 

Figs 2 and 3 show the type of 
bracket arms employed. The bracket 
arms can swing about the two 
insulators which are mounted on 
the poles, one above the other, 
and whose supporting pins are 
loose in their brackets. To ensure 
good contact it is also essential 
for the trolley wire to be free to 
move vertically at the points of 
suspension, so that the locomotiye 
collector bow will pass smoothly 



Fig. 7. Supporting structures. 



Fig. 6. Section insulator with line switch. 
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Fig. 8. Supporting structures. 


at all temperatures, but experience 
has shown that the variation in 
the pull exerted by the spring is 
not sufficient to affect the contact 
obtained seriously. Fig. 5 shows 
a spring straining device having 
two springs, which is used on 
lengths of line between 100 and 
200 m in length. Lengths of trolley 
wire such as those in question are 
anchored at the far end. Fig. 5 
also shows how this anchoring is 
effected.; 

The sections of trolley wire are 
cpnnected together through overhe^ 
a,d switches as shown in fig. 6. This 
figure also shows the design of 
double bracket arm which is used 
at the ends of sections. Both lengths of trolley 
wire are here insulated from one another. 

These section insulator bracket arms are so 
constructed that the two trolley wires are free 
to move in opposite directions. It will be seen 
that the overhead construction is comparatively 
simple and easy along the open sections of the 
line, but as a station is approached the proposition 
alters considerably, as is shown in figs. 7 and 8. 

Here it is necessary to support trolley wires 
over a number of parallel tracks. At these points 
it would hardly do to make use of a pole at 
each point of support as there would be in some 
places a forest of poles which would obscure 
the driver’s free view of the signals. In order 
to interrupt the view at these points as little as 
possible cross structures have been used to a 
great extent for supporting the contact wire. 

It would occupy too much space to describe 
the various designs of cross girder construction 
employed and the method of their application. 
Fig. 9 is a view showing clearly the difficulties met 


with in electrifying a section outside Christiania V. 
Four tracks run here through a narrow neck leads? 
ing towards Christiania and spread in the direcs? 
tion of Christiania V into a much larger system with 
a complicated lays?out of points and branch lines. 

An auxiliary feeder conductor having a cross 
sectional area of 50 mm^ follows the trolley wire 
throughout its length and is supported on the 
trolley wire poles along the whole of the single 
track sections. This conductor is a part of the 
arrangement used on the Drammen Railway 
for neutralising the telephone disturbing effects. 

As a protection against electros^magnetic in:* 
duction in the telephone and telegraph wires 
track transformers are used. On the single track 
line from Sandviken to Brageroen a transformer 
with three windings is installed at every 1500 m. 
This transformer has a secondary winding for 
connecting in the track circuit and two primary 
windings of which one is connected in the trolley 
wire and the other in the auxiliary conductor. 

On double track sections double transformers 
are installed one for each track 
with its own trolley wire. 

The arrangement in principle is 
in accordance with fig. 10 which 
shows the connection diagram for 
part of the single track and double 
track sections. 

The track transformers are con** 
tained in kiosks, the appearance of 
which is shown in fig. 11, 

The auxiliary conductor makes 
it possible to localise faults on the 
overhead construction and limits 
the effect of breakdowns to a 
length of 1500 m. The same object 
is sought in the arrangement of 
the switch houses erected at the 
larger stations, from which any 



Fig. 9. Arrangement of trolley wires at Christiania V, 
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Fig. 11. Track transformer kiosk. 


The welding apparatus is provided with an 
automatic regulating device and works prac^ 
tically without attention. The welding was 
carried out without interfering with the runn:« 
ing of traffic and fig. 15 shows one of the 
welders at work. As far as railway practice 
in Scandinavia goes this method of welding the 
rail bonds has been used for the first time. 

An important detail of the equipment, to which 
particular attention was given on the Drammen 


particular track or group of tracks 
can be connected according to 
requirements. Fig. 12 shows the 
switchhouse at Lysaker and fig. 13 
the diagram of connections for 
the arrangement of apparatus in 
this building. 

The rails are bonded with copper 
bonds, throughout. These ‘ bonds 
are arc welded to the side of the 
rail head, as shown in fig. 14. 
A portable welding outfit is used 
consisting of a 15 h.p. Penta motor 
with D.C. generator, series resist#* 
ance, and other necessary apparatus, 
all carried in a railway wagon. 



Fig. 12. Switch house tysaker station. 









ASEA;»TOURNAL 


109 



a-ai S . e 9 t 
/*o^J9S 

Fig. 13. Diagram of the connections at Lysakcr station. 


Railway is the type of safety device adopted 
to prevent accidents through touching the high 
tension current carrying conductors and struct 
tural ironwork. It followed from the question 
being so long drawn out that definite particulars 
for the protective devices were not finally settled 
until the last stage of the work. Here, as in 
other localities it was desired not to do too 
much or too little in the way of protection. 
The Drammen Railway runs partly through a 



Fig. 14. Rail bond. 


thickly populated district and also partly through 
country which is very largely visited by sports** 
men. About 40 bridges span the railway and 
for long distances the high road runs parallel 
to the line. From Sandviken to Brageroen the 
line runs through deep cuttings in rocky country. 
In many of these places the live conductors 
are so near to accessible places that the danger 
of iiiterference, either accidental or intentional, 
is very great. The line is, of course, fenced in 
and on each pole a warning notice is fixed. 


but at the same time a railway is under an 
obligation to minimise the possibility of people 
running themselves into danger, even if they 
are trespassing. On the other hand the pro^ 
tective devices must not be of excessive size 
and the maintenance cost of them not be 
prohibitive. 

After careful tests a standard screen consist** 
ing of fine mesh iron wire netting has been 
approved by the local authorities. Figs 16 and 



Fig. 15. Welder at work. 
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Fig. 17. Protecting screen at overbridge. 
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Fig. 16. Protecting screen at bridge. 

17 show how this net is used where bridges 
cross over the line when the trolley wire lies 


less than one metre from the footway of the 
bridge. The photograph of the bridge shown 
in fig. 17 shows a protecting screen in the 
form of a fence and also the method of taking 
the auxiliary feeder conductor over the bridge. 

Fig. 18 shows a protecting net mounted upon 
a pole in such a way as to prevent persons 
who have climbed over the railway fencing 
coming by any means into contact with the 
lower insulator, which supports the bracket arm 
and which carries the full voltage of 15,000. 

The whole overhead system has now been 
in use for a couple of years and during this time 
no trouble worthy of note has arisen. 
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ELECTRIC FURNACE TRANSFORMERS. 


Introduction, 

The most important characteristics of the elecs^ 
trical equipment of furnaces are dependability, 
great resistance to damage by rough usage, and 
suitability of electrical qualities. A »shut down» 
caused by the failure of the electrical equipment 
always means economic loss and sometimes 
entails the destruction of parts of the furnace. 
The electrical, 
plant must be de*? 
signed with spe«: 
cial regard to hir^ 
nace conditions, 
and also with due 
consideration to 
the men working 
it, who are used 
to handling heavy 
things, and are 
consequently not 
usually very caress 
fuL Lastly, unin^s 
terrupted and 
economical operas 
tion of the furnace 
is required and 
this demands thou 
rough interchangeability between all parts of 
the electrical plant. The principles on which 
Asea’s presents^day furnace transformers are 
constructed, and the extent to which they meet 
the special requirements mentioned above will 
be shown in the following. 

Comparison between Shell & Core Types, 

The chief points of difference between a furnace 
transformer and an ordinary power transformer 
are that a transformer for furnace work is du 
mensioned for a secondary current which is very 
high in comparison with the output; is usually 
provided with extra tappings on the primary 
winding for varying the secondary voltage in 
the ratio of 1:1.25 or 1:3; and finally is often 
designed to withstand direct short circuits on 
the secondary side as well as heavy mechanical 
stresses of various kinds. For power transformers 
the core type has in our experience been found 
most suitable, and at the present time practically 
all power transformers are made in this way. 
This type, however, has certain drawbacks when 
considered in relation to the special requirements 
of furnace transformers. For sizes above 100 kVA 
these last are accordingly always constructed of 
the shell type. 

It is not intended to consider here the fun«* 
damental differences between core and shell type 


transformers, we only wish to point out the 
properties which determine the relative fields of 
use for the two types in the present case. We 
accordingly refer to fig. 1. The windings on a 
core transformer, in order to obtain good cooling, 
suitable insulation to core and between windings, 
and small stray losses in the conductors, 
must be executed with small radial breadth 

in proportion to 
their axial length. 
Such coils are 
accordingly long 
and narrow and 
with few turns 
per coil; when 
they are made for 
heavy currents 
they must necess' 
sarily be divided 
into a large num:? 
ber of parallel 
conductors on 
account of eddy 
current losses. 
The windings in 
a shell transfers? 
mermust, in order 
to obtain the same good characteristics, be 
made with great radial breadth in proportion 
to their axial length. The coils in a shell 
transformer for heavy currents can therefore 
be furnished with massive copper conductors 
wound on edge so as to give great meebas? 
nical stability, without fear of the eddy current 
losses becoming too high. The high tension 
windings, i, e, those which carry a considerably 
smaller current, are wound on the same prins? 
ciple for both large core and shell transformers, 
of copper strip wound flat in spiral coils. 
From a mechanical standpoint accordingly the 
difference between the windings in core and 
shell transformers is that in the former they are 
less stable mechanically, and more difficult to 
manufacture. The terminal leads in addition must 
be fixed to the many conductors of the winding 
by cable clamps and bolts, while in shell transs? 
formers these leads can be sweated direct to the 
coils which are themselves massive copper con*® 
ductors and thus make a continuous whole with 
the leads. 

The arrangement of extra tappings on core 
type transformers always entails special consider? 
ration in order that they may not give rise to 
undesirable effects. In particular when tappings 
are ^provided so that a considerable part of the 
windings are disconnected, special arrangements 


LT.HT.LT.HT.LT. 



a. Core transformer with b, Core transformer with HsHh HdHhHd 

concentric windings. pancake coils. c. Shell transformer. 


Fig. 1. Cross section through core and shell type transformers through the axis 
of the windings. The arrows give generally the direction 
taken by the cooling oil, 
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Fig. 2. Assembling core pUites on a shell transformer. 

must be adopted, so that the high and low 
tension windings shall not become magnetically 
unbalanced, and large eddy current losses and 
considerably increased reactance occur in the 
transformer when the tappings are changed. 
Where many regulating steps are required and 
when more than 30 % of the winding is to be 
disconnected, these difficulties become very great 
in windings for over 1,000 volts, and it is 
accordingly very difficult to use core type trans?^ 
formers at all in such cases for furnace work. 
In a shell type transformer, however, no diffi** 
culties whatever are met with in providing extra 
tappings by which 60 or 70 or more of the 
winding is disconnected. The only point de? 
manding care is that the tappings are so arranged 
that the reactances of the parallel connected low 
tension coils are as far as possible the same. 
The advantages of the shell type transformer 
over the core type transformer, as regards the 
bringing out of extra tappings for large per^ 
centage differences, are accordingly very great, 
and constitute the chief reason for the use of 
shell type transformers for furnace work. 

As shell type transformers are always con^ 
structed with rectangular coils and core type 
transformers with circular coils, and as in a 
shell type transformer the coils of the high 
and low tension windings are distributed alter? 
nately in the axial direction while the windings 
in the core type can be made concentric, the 
stresses which normally occur in the axial direc? 
tion in a shell type transformer are very much 
greater than the corresponding stresses in a core 
type* transformer, especially if the last is ^not 
furnished with extra tappings or has windings 


mgs in a 


which are magnetically well balan? 
ced. The stresses oqcuring in a 
radial direction are smaller in the 
shell type transformer, but the core 
type transformer has the advantage 
that these radial stresses on account 
of the circular form of the coils 
are taken up by the copper in the 
winding itself, while the rectangular 
coils of the shell type transformer 
must be very strongley supported 
in order that they will not be 
deformed when short circuits occur. 
It may be said in parenthesis that 
the radial stresses in a shell type 
transformer are not of such great 
importance, since on account of 
the construction of the iron core 
they are neutralised to a certain 
extent by the attraction of the 
core. The mechanical stresses 
which are dangerous to the wind? 
shell type transformer are accord? 
ingly always considerably larger than in a core 
type transformer with concentric windings, and 
in order to obtain a construction entirely satis? 
factory in use it is necessary to provide wind? 
ing supports 
of a specially 
heavy nature in 
shell type trans? 
formers. There 
is, however, no 
particular con? 
structional diffi? 
culty in making 
these winding 
supports suffi? 
ciently safe, and 
accordingly the 
drawbacks due 
to the greater 
mechanical stress 
ses in a shell 
type transformer 
are not so great. 

They must, how? 
ever, partly on 
this account be 
made heavier 
and more mas? 
sive than corres? 
ponding core 
types, and they 
are accordingly 

also somewhat p. 4 OOO kVA fumace transformer for 

mnre exnensive 10 , 000 / 60 - 100 volts, 50 cycles, Scott connected. 

more expensive ^^’xra^5fo,^erarranged with overlapping 
to manufacture. core joints. 
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and this pressure and the friction between ress 
pective core plates in the joints is sufficient to 
take up the mechanical stresses from the coils. 
In this way no supports are required for holding 
the core together in the direction of the plane 
of the core plates. When the core is made with 
’’butt” joints instead of with interleaved joints, 
such supports are absolutely necessary for taking 
up the mechanical stresses from the coils, and the 
construction is accordingly much more heavy and 
clumsy. (Compare the illustrations in figs. 3 and 4 
of which fig. 3 shows a 4,000 kVA smelting fur# 
nace transformer with overlapping joints and 
fig. 4 a 3,000 kVA transformer with butt joints. 
In general it is thought that butt joints are an 
advantage in shell type transformers on account 
of the greater ease in erecting and dismantling. 
According to our experience this is not the case. 
The erection of a transformer with butt joints, 
reckoning the time for placing the different 
stacks of core plates in position, takes at least 
as long as the erection of a transformer with 
interleaved joints, and the dismantling of a 
transformer in a case where one or other of the 
coils is defective is practically as simple. On a 
transformer with butt joints it is not necessary 
to dismantle the whole core for repairing some 
part of the winding, but on transformers with 
interleaved joints only one side need be loosened 
out, and the defective coils removed from the 
remaining part. 


Fig. 4 . 5,000 kVA power transformer for 72,500/40,000 volts, 50 cycles. 

Transformer with butt jointed core. 

Constructional Details of Shell Type Transformers. 

During the long period in which we have 
manufactured shell type transformers, we have 
had the opportunity of testing many different 
principles of construction which have proved 
to be more or less dependable in service and 
suitable for their work. This long experience 
has been brought to bear on the design of our 
present type of shell transformer, and in the 
following some of the principal details of our 
present construction will be dealt with. 

The Core. 

The cores are always constructed with overs* 
lapping joints (see fig. 2) and without any bolts 
traversing the core plates themselves. The ads* 
vantages of this are that the losses in the iron 
are the smallest possible, that the transformers 
work silently, and lastly that the stacks of core 
plates themselves act as a mechanical support 
for the windings. By heavy end supports which 
are placed over and under the core plates and 
drawn together by stay bolts outside the core, 
(See fig. 3) the core is tightly pressed together 


Windings. 

The windings are built up as before described, 
the high tension coils 
being of spiral wound 
strip and the low tension 
coils of massive flat cop«* 
per bars. The construe^* 
tion of the former is in 
accordance with fig. 5. 

The coils are wound 
of copper strip on the 
flat and this construction 
affords the advantage 
that the coils are very 
compact and strong mes* 
chanically. The conduc** 
tors themselves are cot** 
ton covered and for 
high voltages a combined 
paper and cotton cover** 
ing is used. In addition 
presspahn or paper is in** 
troduced between turns 
to increase the strength 
of tfie insulation. As the 

conductors are wound 12,500/50-180 volts, 25 cycles. 
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as above and with 
presspahn placed 
between them there 
is practically no pos^ 
sibility of the inn 
sulatioh between the 
conductors breaking 
down in use. Such 
windings are accords 
ingly particularly 
free from breakdown 
troubles. The safety 
of the coils * in use 
is also increased by 
impregnating all the 
coils in a vacuum 
with oil resisting 
varnish so that the 
risk of the insulating 
material absorbing 
moisture is greatly 
decreased whilst the 
coils are rendered 
very rigid. No extra 
strengthening of the 
insulation on the con:^ 
ductors near the ter:« 

^ , If innftWA miuals is furnished 

Fig. 6. Low tension coil for 1,000 kVA ^ , .c 

furnace transformer. 12.500/50-180 volts, on fumace ttanSXOtfi 

mers, but insulation 
of the same strong character is used throughout 
in all parts of the windings, this having shown 
itself to be the best and safest principle when it 
is necessary to protect against abnormal pressure 
rises. The low tension windings are always 
constructed of flat copper bars welded together 
and are left bare and not provided with any 
insulation round the conductor itself, see fig. 6. 
These coils are insulated from one another and 
from the core and high tension windings by 
the insertion of presspahn and wooden strips. 

Insulation. 

As regards the insulation between the res* 
pective windings and between the windings and 
the core, it is only necessary that this shall be 
dimensioned in a suitable manner to meet the 
electrical requirements. The insulation must also 
have very good mechanical characteristics so that 
it will not shrink or settle after being some 
time in use, also that the mechanical pressure 
exerted on the windings when the transformer 
is fully assembled will not decrease with time, 
allowing the coils to become loose. If the coils, 
can move in t^s way the stresses set up on a 
shost circuit are much mote dangerous than if 
the coils are heavily pressed the whole time. 

In order to obtain insulation which corresponds 


to the requirements as regards mechanica/mdings. 
we now always employ presspahn, fibre, bak'od* 
etc. materials which besides being strong do not 
shrink or warp after being in use for some time. 
The manner in which the insulating is carried 
out is shown in fig. 5. Round the long sides 
of the coils are laid pressed U*shaped strips of 
presspahn, which are so formed that not only 
is a long leakage path from the winding to iron 
obtained, but also as large a part as possible 
of the winding is open, giving a large area for 
dissipation of heat between the conductors and 
the oil in the oil channels, so that the windings 
are effectively cooled, and the copper can be 
fully utilised without fear of any part of the 
winding reaching a temperature dangerous to 
the transformer. Between respective coils are 
laid, in addition, presspahn guards alternating 
with the oil channels and depending on the 
working voltage and guaranteed test pressure. 

For taking up the mechanical pressure and 
ensuring that the coils will be immovable, even 
under the pressures resulting in the event of 
short circuits, heavy wood strips are placed bet* 
ween the core and the coils after the transformer 
core and windings are erected and the end 
supports assembled. The free coil ends over and 
under the core are forced together by special 
press*sctews (see fig. 14) acting on heavy plates. 

Additional Tappings. 

In arranging extra tappings for regulating the 
secondary voltage it is in general only necessary 
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Fig. 7. Attiingemcnt of tappings for furnace transformers. 
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to consider three things. In the first place of 
course they should be so arranged as to give 
the required regulation. They should be placed 
so that they do not endanger safe operation; 
so that, as far as possible, the same reactance 
is maintained in secondary coils which may be 
connected in parallel; and so that no voltage 
appreciably higher than the normal can exist, 
during working, across any parts of the trans# 
former windings. 

Our additional tappings are always made with 
copper strip which is riveted and soldered direct 
to the conductors themselves, carefully insulated 
in the coils and brought out through the oil 
channel between the respective coils in flat 
bakelite tubes. By this arrangement the risk of 
breakdown by a failure at the tappings is 
reduced to a mimmum. To maintain the same 
reactance in the secondary coils the tappings 
must as far as possible be placed symmetrically 
with regard to the respective windings. This is, 
however, not absolutely necessary since in a 
suitably arranged furnace installation the parallel 
connection of the respective secondary coils is 
efiEected at the furnace itself. To the reactance 
of each coil is therefore added the reactance of 
the leads between the transformer and the fur« 
nace. As the reactance of these leads is in most 
cases two or three times greater than that of 
the coils themselves a relatively large difference 
in the reactance of the transformer coils has a 
small effect on the division of the current in 
different coils during normal operation; In this 


connection it should be pointed out that when 
carrying out a shorts^circuit test on a furnace 
transformer with many parallel connected coils 
in order to determine the short=circuit voltage 
and copper losses, the secondary coils should 
always be connected in series so that the same 
current passes through all the coils, since with 
parallel connection there is no means of ascerta^ 
ining what division of current is actually being 
obtained. Our guarantees regarding transformer 
copper losses and reactance are always given on 
the assumption that a short circuited test for 
their determination will be carried out in the 
above manner. If the extra tappings for varying 
the secondary voltage are placed at the end of 
the high tension winding, as shown in fig. 7a 
and b, then when the full voltage is applied 
across terminals A and Bs or across Aj & B 3 a 
higher voltage will be obtained between terminals 
A & Bi or Ai A Bi respectively. In cases where 
the regulation amounts to a maximum of not 
more than 30 to 40 ^ (the highest voltage being 
accordingly 30 to 40 ^ greater than the working 
voltage) this is not of great importance since 
the test pressure is always twice the working 
voltage + 10,000 volts and furnace transformers 
are not normally constructed for higher working 
voltages than 20 kV. If however the alteration 
is greater, the ratio being say 2 or 3 and above 
it will be seen that the arrangement in fig. 7a 
and b will give rise to dangerous pressures, 
especially if the transformer is not designed for 
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tage + 10,000 Fig. 10. Furnace leads. parts aS in fig. 7 C 

volts. In such the maximum 


cases the tappings are arranged in a special way 
for reducing the highest voltages which can occur. 
This is commonly managed by dividing the HT 
winding into two parts (fig. 7 c) or more (fig. 7 d) 
these parts being electrically separated and connects 
tion between them being effected outside the trans«» 
former by extra terminals. At the outer points 
(A—B) of the winding there thus always exists 
the normal working voltage. The highest pressure 
difference arising is thus equal to the working 
voltage if the ratio of the change is less than 
1:2 or the working voltage multiplied by half 
the change if this is greater than two. If the 
winding is further divided the reduction in 
voltage is still greater. As an example of the 
way in which the connections can be made in 
order to reduce the highest pressure difference 
we may refer to the scheme shown in figs. 7d 
and 8. (Fig. 8 shows how the transformer and 
the winding coupler belonging to it are contf 
nected together in such a case). These apply to 
a single phase transformer of 1,000 kVA 
12,500/50--'180 volts with additional tappings 
on the HT side for regulating the secondary 
voltage between the voltages given above in 
equal steps each of 10 If this transformer 
were arranged, as in fig. 7a, then a secondary 
voltage of 180 volts would mean a maximum 
pressure of 45,000 volts being maintained on 


pressure would be 32,500 volts with 180 volts on 
the secondary side. As actually constructed the 
maximum pressure has been reduced to 20,000 
volts. This transformer is accordingly built as 
a 20 kV transformer as regards insulation als: 
though for use on a working voltage of 12,500 
volts only. 

Systems of Pressure Regulation. 

For regulating the voltage it has been previ?* 
ously said that extra tappings are arranged on 
the high tension side of the transformer for res^ 
connection outside the transformer. The recqn:« 
necting can be done with the transformer discoh:* 
nected from the supply by means of ordinary 
knife switches or other arrangements or during 
working by the help of our winding coupler type 
UR, which was developed a very long time ago. 
The last arrangement, f. e. a transformer with extra 
tappings on the high tension winding combined 
with a coupler of type UR appears to us to be 
the most suitable for furnace work, as on account 
of its simplicity it is very dependable in action 
and easily operated by hand. Another system 
which we have made use of several times in 
the past is to use two transformers both without 
extra tappings, one (the main transformer) fur;s 
nished for the mean voltage required by the fur?: 
nace and the other (the booster transformer) 
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Fig, 11. Arrangement of portable furnace 
equipment. 
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Fig. 12. Portable electric equipment for 1,000 kVA, single phase 12,500/50—180 volts, 25 cycles. 


furnished for a voltage equal to the required pres:? 
sure step and connected in series with the main 
transformer on the secondary side. By connectj* 
ing the booster transformer voltage in series or 
in opposition to that of the main transformer and 
by short circuiting its high tension winding three 
regulating steps are obtained. This system besides 
complicating the layout of the plant also has 
the disadvantage that it can only be arranged 
for three regulating steps and for every additional 
pair of regulating steps a further booster transs* 
former is required with necessary connecting 
device etc. Also when connecting the booster 
transformer in opposition power 
circulates between the main transs^ 
former and the booster transformer 
and causes unnecessary losses. 

Another system of voltage regu** 
lation which has come into use in 
America combines extra tappings 
on the transformer and a coupler 
similar to that in use with our 
system but includes also a booster 
transformer and an induction re:# 
gulator. We cannot enter here into 
a more detailed explanation of this 
system but must point out that 
in accordance with our experience, 
obtained from installations fur^ 
nished by us, a continuous regular# 
tion of the voltage is not at all 
necessary because the resistance 
of a furnace is by no means con^* 
stant. In most practical cases only 
2 or 3 voltage steps are used, even 
if the transformer is furnished 
with a very considerable range of 


regulation. The provision of a 
booster transformer and induction 
regulator must accordingly be con## 
sidered as an unnecessary compli## 
cation which lowers the safety of 
the plant in use, particularly as 
an induction regulator can never 
be built as safely as an ordinary 
transformer. 

Division of Load* 

Besides great dependability, and 
good efficiency an electric furnace 
plant must possess a number of 
other characteristics regarding 
which a few words will be said 
next. In the first place comes the 
question of the division of the 
load on the network and at the 
electrodes if 2 or more electrodes 
are used. In most cases the electrical 
power for smelting is taken from a three phase 
system which must be loaded as far as possible 
symmetrically in order that the furnace shall not 
upset other plant connected to the network. 
One single phase furnace only could not be 
constructed so as to give an even load on a 3s# 
phase system. However booster transformers are 
connected there always remains a single phase 
load on the 3s#phase supply. If the number of 
single phase furnaces is even, or if 2phase 
furnaces are used the transformers belonging to 
them can be Scotts#connected, so that when the 
loads on both furnaces are 'equal a fully sym^ 



Fig. 13. Portable electriclequipment forll,000 kVA, single phase 12,500/50—180 volts, 25 cycles. 
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metrical load is obtained on the three phase 
system. If the furnaces number more than two 
their transformers can be single phase transs* 
formers and when suitable each transformer can 
be connected between two phases. In that case 
however it often happens that one of the furs* 
naces must be taken out of use while the others 
remain at work. This results in the balance of 
the 3:sphase load being upset unless the rema?* 
ining transformers can be Scott^connected. This 
however is quite easily arranged and we have 
developed a system in which by only throwing 
over a 3:spole twossway switch any transformer 
can be connected and the remaining ones coupled 
in Scott:«connection. The arrangement is in ac:* 
cordance with the diagram in fig. 9 which also 
shows how the change over switch should be 
operated by different combinations of the trans«? 
formers. If the single phase furnaces number 
more than 3 they can always be divided up 
into 3:«phase and 2ssphase groups and it is 
accordingly quite easy to maintain a good 
loading of the 3 phase supply. If the furnace 
is 3ssphase or multis^phase (3, 4, 6, 8, or 9 
electrodes) 3ssphase or Scott^connected trans** 
formers can always be used for maintaining a 
good division of load on the 3s5phase network. 

Another division of the power which is. 
probably of even greater importance is the 
dividing of the energy supplied to the electrodes 
when these number two or more, so that all the 
electrodes are used up to the same extent. This 
not only depends on the manner in which the 
electrodes are arranged, but also still more upon 
the reactance in the different phases, and a good 
division of the power is obtained from the 
simple principle that all reactance should be as 
far as possible equally divided between the 
different phases. As the impedance of the arc 
is practically free from induction most of the 
reactance in the installation is to be found in 
the transformer leads and in the extra reactance 
coils connected in circuit. The transformers must 
have the same reactance per phase if they are 
of singlesjphase or threes«phase type. If they are 
Scottifconnected the main transformer should 
if possible possess a reactance double that of 
the secondary transformer (each half of the main 
transformer should have the same reactance as 
the secondary transformer). The leads to the 
furnace should be carried out with each phase 
run separately, and with the out and return 
conductors laminated right up to the furnace 
and as near to the electrodes as possible. This 
means that in a three phase system the secondary 
must always be connected in delta or open three 
phase. Accordingly in fig. 10, which shows a 
set of leads to a three phase furnace, group 1 


coihbines out and return leads for phase 1. 
Group 2 the same for phase 2 and group 3 the 
same for phase 3. In each group the distance 
”a’* between leads belonging to the same coil 
is small in relation to the distance ’*b** between 
the leads belonging to two neighbouring coils. 
Lastly the distance *’c’* between respective groups 
should be as large as possible in relation to the 
other distances. By making the conductors as 
far as possible of the same length and by adopts* 
ing the arrangement above the reactance for the 
respective pairs of leads is made as nearly as 
possible the same and the mutual induction 
between the respective pairs of conductors and 
between the respective phases is also as small 
as possible, so that the smallest possible losses 
take place, due to transformer effect between the 
different groups of conductors from the windings. 
In ordinary cases the chief reason for the elec** 
trodes not receiving equal amounts of power is 
to be found in this law efficiency transformer 
action from one group of coils to the other. 

Extra Reactance, 

In cases where sufficient reactance for stable 
working of the furnace does not exist in the trans?* 
formers, and in the furnace conductors, extra re«* 
actance coils must be introduced and care must be 
taken that these supply a symmetrical increase 
in the reactance to all phases, (three phase even 
with Scottsjconnected transformers) and that they 
give the required reactance with the smallest 
possible losses and for the least cost. The first 
requirement depends on the necessity of maintas: 
ining a symmetrical load on the three phase net 
and heavy unsymmetrical reactance connected in 
circuit interferes with this. Both requirements 
are met if one or two 3:?phase reactance coils, 
(or three or alternatively 6 single phase coils) 
are connected in pairs with the primary windings 
of the transformer, i. e. between the net and the 
furnace transformers. It is self evident that the 
first requirement is fulfilled for the above and the 
second requirement is also met, because the pri^* 
mary current of the transformer is always very 
small in comparison with the secondary current, 
and a reactance coil of large current carrying capa** 
city is more expensive and has higher losses 
than a reactance coil of similar capacity for lower 
currents (assuming that the working voltage in 
this last coil is not specially high). Another 
advantage which is obtained by this arrangement 
is also that the furnace transformer does not 
have, to deal with the active power and can 
accordingly be smaller and have a higher effici^ 
ency. 

If the reactance of the extra coil is required 
to be variable this can be attained by combining 



122 


ASEA40URNAL 


two reactance coils of different capacity which 
are connected in series and of which either one 
or the other, or both, can be short circuited, 
or alternatively by providing a reactance coil 
with tappings for one or more different react** 
ances, the change from one tapping to the other 
being made without breaking the current, simply 
by connecting on to one tapping before breaking 
the connection with the other. It should be noted 
, that with this method of altering the connections 
the change must be made rapidly as an extra leaks* 
age field is caused which passes through the tank. 

Cooling. 

As regard cooling of furnace transformers the 
same principles as for ordinary power transform** 
ers can in general be used although forced 
cooling can more often be made use of for 
furnace transformers. This is because during 
working there are always men available who can 
attent to the colling arrangements. 

Standard Accessories. 

Our furnace transformers are usually provided 
with transport wheels with barring gear, contact 
thermometers which give the maximum tempera:* 
ture of the oil, and indicating arrangements for the 
cooling water which operate if there is a stoppage 
of the water flow in any 
of the cooling tubes. They 
are not normally provided 
with expansion vessels on 
account of the difficulty 
of making oil tight joints 
round the secondary ter** 
minals. In one or two 
cases furnace transformers 
have been provided with 
expansion vessels and the 
arrangement adopted has 
been found entirely satis** 
factory, so that where 
expansion vessels are con:* 
sidered necessary on ac** 
count of high working 
voltage they can be fitted. 


Portable Equipments. 

In order that a furnace may work as safely 
as possible without interruption it is necessary 
for the electrical equipment in case a fault deve** 
lops to be quickly repaired, or replaced by a 
spare equipment, or changed ^ver with the 
equipment, from another furnace which is not 
in use. In plants where a large amount of 
voltage regulation is provided this changing 
gives rise to great difficulty as the connections 
between the furnace, the transformer and the 
regulating arrangements and switchgear etc. are 
relatively complicated and require considerable 
time for dismantling. In order to simplify the 
changing and removal of faulty parts the whole 
of the electrical equipment is sometimes made 
portable. We have developed a number of 
designs for such installations and several of 
these have been built. The furnace equipment 
consists in these cases of a fixed unit, the furnace 
with the furnace leads, operating devices etc.; 
a removable unit including the transformer, 
the winding reconnecter, reactance coils, circuit 
breaker, disconnecting links etc.; and a connect** 
ing unit carrying the connecting leads between 
the furnace and the transformer, between the in** 
coming primary supply and the circuit breaker, 

. and between the operating device and the winding 
connecters, circuit breakers 
etc. worked by them. The 
movable unit is erected 
upon a truck and can 
accordingly be shifted 
without making any alte** 
rations to the connections 
between the respective ap** 
paratus. Figs. 11, 12 and 
13 show different arran** 
gement of this movable 
unit. The connecting unit 
is so designed that all 
the connections can be 
quickly broken and so 
that the fixed and moving 
units correspond exactly 
with each other. 



Fig. 14. 900 kVA furnace transformer for 500/55—50 volts, 
50 cycles, Scott connected. Overlapping joints 
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TRANSFORMER OIL. 


The importance of transformer oil as an insus* 
lating medium in high voltage apparatus is 
universally recognized on account of its high 
dielectric strength, low dielectric loss, high in:* 
sulation resistance, and good cooling qualities. 

The transformer oils have, however, the serious 
disadvantage of deteriorating rapidly at high 
temperatures, and in this respect are inferior to 
most other good insulating materials. The de^ 
terioration is mainly an oxidizing process, which 
is still further accelerated by the metals present 
in a transformer. 

Under the influence of all these causes even 
the best refined transformer oil is sooner or 
later destroyed at the temperatures allowed in 
transformers. The oxidizing process forms acid 
products soluble in oil and acid as well as 
neutral resinous compounds and asphalts, of 
which the former are partly soluble in hot oil, 
whereas the latter are insoluble. 

These insoluble substances form the well known 
sludge deposits on windings and cooling tubes — 
on the latter chiefly the resinous compounds 
soluble in hot oil — which impede the cooling 
of the windings and also impair the heat con^ 
duction from the oil to the cooling medium. 
To this is added an increase in viscosity, which 
makes the cooling still poorer. 

Under the heading above the results of some 
researches performed in the Asea laboratories 
will be published in this journal, covering the 
properties of transformer oils in these respects. 
This article deals with studies on the effect of 
the electric field and on the influence of tem:* 
perature on the stability of transformer oils. 

As a result of these researches a new testing 
method is proposed, in which the combined 
effect of oxygen, copper, iron, and the electric 
field is taken into account. 


I. The influence at high temperatures of an electric 
field in the presence of copper and iron, 
and with free access of air to the 
hot surface of the oil 

Knowing the effect, mentioned in the intro:* 
duction, of metals and of various conditions 
existing in transformers, it seemed natural to 
expect a similar effect from the rather strong 
electric field to which the oil in a transformer 
is exposed. 

Certain observations made in transformers 
shortly after the sludge formation has started 
are In favour of this assumption. In some 
cases it has been found that the sludge forma;* 


tion is more marked on the terminal leads, and 
those parts of the winding where the strong:* 
est electric field is present, than on other parts 
of the transformer. 

The average stress in the oil close to these 
most highly stressed parts is generally in the 
neighbourhood of 10 kV per cm. 

The following experiment was made to study • 
this question: 

Arrangement of test 

The oil was kept in cylindrical porcelain pots, 
on the outside covered with a tin foil coating 
connected to ground. In the pots were placed 
spirals of edgewise wound iron strips (O.is ^ 
C rolled steel) braced with copper wire, which 
at the same time served as a high tension lead. 

The area of the iron strips was 114 cm^ and of 
the copper bracings 12 cm^. The complete 
arrangement is shown in fig. 1. 

The oil in the pots was thus exposed to the 
effect of the electric field between the tin foil 
coating and the spiral, where a voltage of 25 
kV was continuously applied. This gives an 
average stress in the oil of the same magnitude 
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as that normally existing at the most highly 
stressed parts in a transformer, as mentioned 
above. 

Even in the dark room, no corona could be 
discovered on the sharp edges of the spirals or 
around the parts of the bracings above the oil 
As a further safeguard against undue effects 
from the possible formation of ozone, the brac^* 
ings were surrounded by glass tubes reaching from 
- beneath the surface of the oil up through the cover. 
The covers protected the oil from dust, but 
did not prevent air circulation. 

In the experiment 6 such cylinders were used 
each with a capacity of 1 litre. Four of these 
were exposed to the voltage stated above during 
the whole time of the test while the remaining 
two were not subjected to any electrical press? 
sure, although otherwise arranged and fitted up 
in exactly the same manner. 

The pots were all immersed in an oil bath 
maintained at a temperature of 90°. 

The duration of the test was 6 months. 

The oil used was an American oil of a well 
known brand, with an unusually high tar value 
for its kind, namely O. 21 —O .22 according to the 
Kissling test but entirely without formation of 
sludge; its serial number is G. 374. 

Result 

On opening the cylinders at the end of the 
experiment the oil was found to have under;^ 
gone considerable deterioration as follows: 

Oil under the influence of electric field with 
presence of copper and iron: 

Exceedingly heavy sludge formation in the 
oil, a 1 mm thick layer being deposited over 
the whole spiral; at points where the copper 
joined the iron this layer increased to 3 mm in 
thickness. On the porcelain walls a 1 mm thick 
layer of rather hard deposit was also found, 
and similarly over the centre of the bottom of 
the pots with a diameter of about 30 mm (the 
diameter of the spiral = 82 mm); round the 
above was a less compact but thicker layer. 

The oil Was of dark brown colour throughout 
and was found to have a tar value of 2.46 
Sludge quantity, obtained after precipitation 
with normal benzine == 2.54 
Acidity of sludge « 98.8, of oil 4 . 9 . 

Oil which was only subjected to heating in the 
presence of copper and iron. 

Heavy deposition of sludge in the oil. No 
deposit on the spirals except in the vicinity of 
the copper conductors; none on the sides of 
the porcelain pots. On the bottom was a loose 
layer 2—4 mm thick. 


The oil was of dark brown colour throughout; 
tar value => 1.84 

Sludge quantity, obtained after precipitation 
with normal benzine = l.i 

Acidity of sludge = 36.4, of oil 0.98. 

This experiment thus shows the great sludge 
formation in a fairly good oil when heated to 
quite a normal working transformer temperature 
under the influence of an electric field in the 
presence of considerable masses of copper and 
iron and with air allowed access to the surface. 

The increase in the amount of sludge through 
the influence of the electric field is over 100 
while the acid and soluble tar and resinous 
compounds are increased by 33 ^ above the 
quantity formed in the presence only of copper 
and iron. In addition to this the sludge formed 
is of an entirely different character, being found 
deposited on the parts under electrical pressure, 
in hard, tightly adhering layers, especially at the 
outer comers of the spiral where the potential 
gradient is greatest. 

The acidity is 2.7 times higher in the sludge 
and 5 times higher in the oil. 

II. Effect of temperature on the stability of 
transformer oils. 

With regard to the much debated question as 
to what temperature is allowable for the oil in 
a transformer, it is of the greatest value to know 
the connection between the time of heating until 
sludging occurs, and the temperature, and above 
all to investigate if there is a temperature below 
which no sludge formation will take place, no 
matter how long the heating proceeds. 

Method of conducting the experiment: 

To obtain conditions corresponding as far as 
possible to those existing when an oil is used 
in transformers and apparatus, the heating was 
cMried out in open rectangular containers of 
sheet iron, in which copper was placed. An 
electric field was not used on account of the 
complication of the arrangement. Nor were 
varnish and insulations used as these have been 
shown to be practically without influence on the 
sludge formation. (These experiments will be 
reported on later). 

With a view to reducing the time of heating 
the containers were flat, and with the following 
dimensions, oil quantity, and surface area of 
copper: 


Surface area of container . 100 cm“ 

Quantity of oil . 100 cm'* 

Area of copper (wire). 10 cm“ 


Four such containers were prepared and placed 
in an electrically heated sand bath. In order to 
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maintain the same temperature in all the cons^ 
tainers these were placed close to each other in 
a common tank of heavy sheet iron, which in 
its turn was sunk into the sand bath. By this 
means four diflferent transformer oils, as speci:^ 
fied below, were heated at the same time under 
identical conditions. 

Heating was carried out with free access of 
air at 70, 90, 105, 120 and 150°C and the time 
of heating was determined, for different oils, 
until the first traces of deposit or turbidness 
were observed. This time, in what follows, is 
called the »critical time» of the oil. 

The oil was tested every day for formation 
of deposit, a small quantity being removed in 
a tesMube after careful stirring; this oil was of 
course returned to the container afterwards. The 
examination was made by transmitted light after 
the oil had cooled, so that sludge soluble in 
warm oil was also taken into account. In doubts 
fill cases the solubility of the oil was tested 
in petroleum spirit. 

All the oils were filtered before use, so as to 
remove any turbidness existing beforehand. In 
addition, when turbidness was established, the 
tar value and oxygen content of the oil was 
determined. 

The oils used were: 

I. Extra high grade transformer oil (G. 512) 

II. Best high grade transformer oil (G. 488) 

III. Transformer oil I, used for some time in 
a transformer (G. 508) 

IV. Second grade transformer oil used in a 
transformer for a considerable time (G. 505) 

Result: 

Oil I ii in IV 

Before heating. 

Tar value % 0.009 0.014 0.02 1.40 

Tar value after oxygen 

treatment, % 0.10 0.20 0.80 - 

Precipitate None Trace Perceptible — 


Acidity as % SO3 

0 

0 

0 

0.08 

Flash point 

184 

162 

168 

146 

Burning point 

215 

195 

205 

185 

Mscosity of 20° in ° 

E 5.2 

2.84 

3.0 

8.2 

Specific gravity 

0.87 

0.84 

0.85 

0.90 

Freezing point 

-5 

-8 

-8 

-12 

Heated to 7(f C. 



Critical time, k. 





hours 

3300 

2641 2585 

785 

dkidt 

64.6 

125 

239 

153 

Tar value % 

1.86 

1.37 

1.15 

1.96 

Acidity as % SO3 

0.06 

0.07 

0.06 

0.09 

Heated to 9(f C. 



Critical time, k. 





hours 

2064 

911 

597 

120 

dk/dt. 

64.6 

55.7 

37.0 

8.0 

Tar value, % 

0.44 

• 0.44 

0.42 

1.84 

Acidity as % SO3 

0.04 

0.025 

0.08 

0.16 


Heated to 

Critical time, k, 
hours 1073 

dk/df 64.5 

Tar value, % 0.54 

Acidity as % SO3 0.085 

Heated to 

Critical time, k, 
hours 137 

dk/dt 52.0 

Tar value, % 0.58 

Acidity as % SO3 0.04 

Heated to 

Critical time, k, 
hours 6 

dk/df 0.48 

Tar value, % 0.66 

Acidity, as % SO3 0.06 


lor C. 

353 233 65.5 

25.8 16.0 3.25 

0.88 0.38 1.80 

0.030 0.035 0.12 

120^ C. 


65 

50 

17 

9.0 

5.4 

1.35 

0.75 

0.77 

2.06 

0.05 

0.055 

O.io 

i 50 ° c. 

4.5 

4 

2.5 

0.45 

0.25 

0.085 

1.03 

0.80 

2.19 

0.07 

0.06 

0.11 


It will be noticed that the derivative dk/dt 
is also given for the curves over the critical 
time, k, as a function of the temperature of 
heating t; these curves are given in curve group I 
(fig. 2.). The curve group II (fig. 3.) represents 
the derivatives, which show more clearly the 
tendency of the oil towards stabilisation. 

These curves show that oils III and IV z. e. 
those which the Kissling tar formation test, and 
also the test in question at above 70^^, showed 
to be the poorest ones, show the most decided 
tendency to stabilisation as regards sludge for«: 
mation, and for these 60° would seem to be 
admissible as a stable temperature. For oils I 
and II, which came out decidedly better in the 
above tests, this is not the case when the low 
temperature of 70° is in question. 

On the supposition that the established form 
of curve is maintained, even at lower tempera^: 
tures, oil II should be stable at about 30°, while 
oil I would never reach a stable temperature as 
regards sludge formation. 

It is worth noting that the oils which had 
been in use for some time showed special tens? 
dency to quick stability. This may possibly be 
explained by the fact that all oils — even the 
best — contain a small amount of already partly 
formed, resinous products soluble in oil, which 
are not destroyed by refining, or which are 
formed during the time the oil is in stock. 
These substances can be expected to form inso*? 
luble asphalt substances (asphalts) quickly with 
free access of air, even at low temperatures, by 
oxidation, intermolecular action, and conden:? 
sation. If now an oil has been some time in 
use and has also undergone heating this altera^ 
tion has already taken place, and the least perss 
manent portion has been precipitated, so that 
such an oil would be expected to be stable at 
the lower temperature. Certainly during this a 




further depreciation of the oil has taken place 
and new resinous and acid compounds have 
been formed, but it is not unlikely, that these 
are of another character and require a higher 
temperature or a very long time at a low tem^ 
perature for transformation into insoluble sub:* 
stances. The fact that oils III and II are of the 
same kind speaks in favour of this conclusion. 
A further likelihood of the above hypothesis 
is indicated by the extraordinary increase in the 
critical time for 70°, above that at 90 , for oil 
IV, which has the highest tar value i. e. the 
greatest amount of completely formed soluble acid 
products of decomposition. This is also the case 
with oil III, which comes next in order, both 
as to the question of the proportion between 
critical time for 70° and 90° and in tar value. 

It may be mentioned further, that it was 
shown, that certain oils which were fairly good 
according to the Kissling test, developed resinous 
products when kept standing in stock trans:* 
formers. 


The hypothesis put forward above leads fi:* 
nally to the conclusion that formation of resinj 
ous products, which takes place in a good 
unused oil at low temperatures is without great 
significance to the good operation of transform* 
mers or other apparatus. 

As the above depends entirely upon the 
supposition that the connection found between 
critical times and temperature is correctly given 
by the curves drawn, and still holds good even 
for low temperatures, a continuation of the 
experiment is being made for control purposes 
by warming oil to temperatures below 70 C. 

The part of the experiment already completed 
clearly indicates, however, that the stable tem« 
perature is below 70®C - in the most fortunate 
cases at 60°C - and that the danger of sludge 
formation increases greatly with temperatures 
above 70°. This shows the importance of keeping 
the oil temperature as low as possible, preferably 
between 60° and 70°C. , .j. 

On examining next the tar value and acidity 
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found with different heating temperatures it is 
discovered that for the same oils these are highest 
after heating up to 70°, 120° and 150° respecs? 
tively, which also indicates that the oils undergo 
oxidation chiefly at very low and very high 
temperatures. In the region of 90°—105°C the 
acidity and tar values are relatively low sug^ 
gesting that the sludge formation at these tempe:? 
ratures is chiefly to be ascribed to polymerisation 
and condensation, while absorption of oxygen 
is of quite subordinate importance. 

As the permanency of two oils against poly^^ 
merisation, condensation and oxidation can, of 
course, vary according to the constitution and 
degree of saturation of the hydrocarbons con:* 
tained therein, it is evident that the dependence 
of the sludge formation of temperature can 
exhibit wide dissimilarity and their heat:*perma:* 
nency curves may intersect. 

Finally it should be pointed out, that the 
critical time of an oil can not be regarded as 
the only deciding factor in regard to its value 
as a transformer oil. Other investigations — to 
be published later — have shown that different 
oils behave very differently after sludge format 
tion has started. The amount of sludge formed 
during a certain time is very different for oils 
of different origin and refinement, in spite of 
similar values of the critical time. 


tMisr or.omgg 


eoanscm with 
MtOH rsnsion 




Fig. 4. 


III. A new method of testing the quality of an 

oil in regard to durability against heating in 
transformers and apparatus. 

The lack of agreement between various methods 
of testing the quality of an oil is probably ge^: 
nerally recognized. This is. quite evident on 
account of the great differences in regard to 
temperature, presence of substances affecting the 
sludge formation, the treatment in general* and 
methods for determining the quantity of products 
formed. 

This new method is based upon the requirement 
that no consideration should be given to arbi:* 
trarily chosen reactive substances or products, 
and on the contention that it is incorrect to 
judge the oil after an arbitrarily chosen time of 
action* 

Since the methods of refining generally are 
arranged to make the oil as stable as possible 
against the treatment given and the substances 
present in the test, it has been required from 
this new test, that all substances and conditions 
usually present in transformers, which can be 
shown to have an appreciable effect on the oil, 
should also be included in the test. Otherwise 
speci§l types of oil are likely to appear, which 
may pass the test but nevertheless fail to give 
satisfactory results in practice. For instance, the 


test includes common stoft steel as well as 
silicon steel, since iron has been shown to 
accelerate considerably the sludge formation, 
although not to the same extent as copper. Iron 
soap has also been shown to be present in the 
sludge formed under the influence of an electric 
field (according to I). A great influence of 
such soaps is found. 

The test is performed under the influence of 
an electric field with an average density of 10 kV 
per cm. 

The heating temperature has been fixed at 
100°C, which is only slightly above the maxi:* 
mum temperature for transformer oil allowed in 
the standardization rules of certain countries. 
To go higher than 100° was not considered safe. 

Finally it should be mentioned that a certain 
quantity of oxygen (1 litre per hour and 60 gr. 
of oil) is . blown through the oil. The oxygen 
is dried and purified in passing through concen^f 
trated sulphuric acid and slaked lime in,succession. 

The heating takes place in an oil bath, reaching 
a certain distance above the level of the oil in 
the test; the temperature is controlled within 
± 0.5°C with a thermostat, and a uniform 
temperature is maintained by means of a stirrer. 
Three tests are made with different heating 
times so adjusted that a good oil shows very 
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little sludge (about O .02 >0 after the shortest 
time (70 hrs.), but a large quantity (about O .2 
after the longest time (200 hrs.)« ^1*^ ™ 
of these values is plotted a curve of the sludp 
quantity in function of the time, showing the 
time required to start sludge formation (by 
extrapolation) as well as the increase in sludge 

with time. , . . 

In testing oils with known characteristics, 
however, only one test will be necessary, pre^ 
ferably with 100 hrs. heating time. 

The arrangement is shown in fig. 4, which 
is drawn in scale 4:10. 

The oxygen is admitted through the central 
tube, which also serves as the high voltage 
terminal. The tube as well as the cross carrying 
the smaller copper cylinder are made of silvers 
coated copper in order to prevent these parts 
having an appreciable influence upon the test. 
At normal voltage there is no corona on any 
part of the apparatus, so that all ionization or 
ozonization of the oxygen is excluded. Nor 
has corona been noticed in the oxygen bubbles 
passing through the oil in spite of the electric 
field between the two cylinders. 

The inner cylinder is made of copper, the 
outer one of iron. The latter consists of two 
parts welded together, of which the inner one 
is of silicon steel, the outer one of soft ste^ 
( 0.16 ^ C). The iron cylinder is grounded through 
the bracings. 

Both cylinders can easily be removed tor 
cleaning. Before starting a test, the copper cy^ 
linder is heated red hot and the oxide formed 
is reduced by alcohol; the rest of the apparatus 
is pickled, washed, and dried. After cleaning, 
to avoid oxidation, the active parts (the cylinders) 
should be kept in bensol until they are placed 
in the oil. 


The sludge quantity is determined as in the 
Michie test: the benzine used should not con^^ 
tain more than 2 ^ aromatic hydrocarbons, and 
should distil over below 95°C. 

It has been found necessary to wash the 
sludge formed once with this benzine after drying, 
because a slight quantity of oil is likely to 
adhere mechanically to the sludge. In drying, 
the sludge usually forms a compact mass, whe<? 
reby the oil is collected on top of the sludge 
and can be washed away without removing any 
sludge. Tho check this, however, the benzine 
used is afterwards filtered. 

. The sludge quantity is given as a percentage 
of the oil quantity. 

The acidity is determined for the sludge and 
for the oil after removal of the sludge. 

Repeated tests have been found to agree very 

In order to avoid exaggerated influence from 
either one of the factors affecting the test, which 
might give a difference between test results and 
practice, it will be necessary to properly adjust 
the active metal surfaces and the quantity of 
oxygen against each other and the quantity of 
oil. It is intended to perform this with com. 
parative tests in actual transformers with a 
number of oils differing in refinement as well 
as in origin. 

The results of these tests will be published 
later, as well as studies on the influence of the 
strength of the electric field, of differerit sizes 
and arrangements of the cylinders, different 
quantities and temperatures of the oxygen, the 
effect of the difference in level between the oil 
to be tested and the oil bath, and of the heating 
temperature, and also tests over the increase 
with temperature, for different oils, of the sludge 
and the acidity. 
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A CONTINUOUS CURRENT?PLANTPOR"SOUTH ^AFRICA. 



Fig. 1, F^ive p.incl switchbo.ird of black enamelled slate. Front view. 


At the beginning of May this year Asea 
supplied a continuous current installation to 
Messrs. Findlay, Durham & Brodie (agents in 
London for Messrs. Reunert & Lenz) for Kokj* 
stad in South Africa and as special plant had 
to be put in hand, which is of a very interesting 
nature, we give below some general particulars 
regarding it. 

The plant delivered consists of two genera** 
tors, and complete switchgear for distribution 
and running the generators in parallel, also a 
threes'wire accumulator battery. The generators, 
which, in accordance with the customer’s re** 
quirements, normally run compounded, are 
arranged for running in parallel and also de#* 
signed for charging the battery. 

Battery, 

This consists of 240 cells and has a total 


capacity of 290 ampere**hours. The maximum 
charging current is 72 amperes. 

Generators, 

These are of type K**13 and designed for 
direct coupling to 60 h.p. engines. The maximum 
output is 40 kW at a voltage of 2x220 volts 
at 600 r.p.m., corresponding to a load current 
of 91 amperes. They are built with sliprings 
and threewire compensators for a maximum of 
15 ^ of the load current in the neutral. The 
series windings are arranged in two circuits as 
shown in the connection diagram, fig. 3. 

Booster Set, 

This consists of a Ks*9 generator for 72 am** 
peres and 13 kW maximum output at 220 volts. 
The machine is shunt wound and arranged for 
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Fig. 2. Five panel switchboard. Rear view. 


separate excitation at 440 volts. The voltage of 
this generator is arranged for regulation by 
resistance from 0—220 volts. The generator is 
direct coupled to a type K—9 shunt wound 
continuous current motor for 440 volts and 
1,000 r.p.m. 

Switchboard. 

Scheme of Connections. 

As the machines are normally arranged for 
running compounded it was necessary, when 
running them in parallel without the battery, 
to balance them by means of an equalizer. As, 
in this special case, the generators are arranged 
with the compound winding in two circuits, 
double equalizer bars are arranged between the 
When running the machines in pas 
raflel^ it was necessary to arrange for the series 
windings to be cut out and for the equalizer 
Mnnections to be broken at the same time. 
This requirement has been met by the double* 
pole changesover switches 9, and these are 
arranged for changing over without breaking 
circuit; the second requirement regarding the 
disconnection of the equalizing bars is fulBlled 
by the help of the 2spole switch, 12 in the 
dia^am. In the main circuit of the generators 
doublespole overload circuit breakers with reverse 
current relays are placed, for connecting and 
disconnecting the machines from the busbars. 
By the 2spole knife switch 14 and the single* 


pole quick*break switch 13 each generator can 
be isolated from the busbars. In addition each 
generator is provided with a kWh meter, volt* 
meter, two ammeters, and shunt rheostat. 

The charging arrangement was supplied, in 
accordance with the wishes of the customer, 
with simple cell regulator. All connections for 
charging the whole of the battery, or one or 
other half of it, are made by the two double* 
pole change*over knife switches which are 
arranged to break circuit (A and B in the con* 
nection diagram) and by this arrangement all 
interlocking gear has been dispensed with and 
complete safety still obtained against incorrect 
operation. 

The whole battery is charged with the switch 
A in its upper position and during this opera* 
tion it is immaterial whether switch B is closed 
in the upper or lower position. Discharge of 
either half of the battery can only take place 
with the switch A in its lower position. The 
position of the switch B then determines which 
half of the battery is connected. 

The battery is connected to and disconnected 
from the busbars by 4 single*pole quick*break 
switches (13 in the coupling diagram). 

The booster generator is protected by a mi* 
nimum current r.elease in its armature circuit (15). 

In addition the switchboard is furnished with 
7 outgomg three*wire circuits each provided 
wit)i switch, fuses, and instruments, as shown 
iu the diagram of connections. 
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General. 

As regards the appearance of the switchboard 
this can be gathered in a large degree from 
figs. 1 and 2, which show front and rear views 
respectively of the switchboard after erection in, 

°\he switchboard is furnished with 5 black 
enamelled slate panels, each having a total height 
of 2.4 m, and the total length of the board is 
4.3 m, the last being determined by the cust^ 
omer’s requirements. 


Panel 1 carries all the instruments and ap^ 
paratus for the two generators; panel 2 all 
apparatus for the booster set. Panel 3 is the 
battery panel, and panels 4 and 5 are the out# 
going feeder panels. 

All switches, with the exception of the gene# 
rator disconnecting links (14), are operated 
from the front of the panels and all operating 
arrangements are furnished with indicating 
plates. 
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* «se‘for the two types in the present case. We 

s”eat resistLce to damage by rough usage, and accordingly refer to fig. 1. ^be-windings on a 
fuitabilitv of electrical qLlities. A »shut down» core transformer, in order to obtain good fooling, 
Si^ed by the failure o1 the electrical equipment suitable insulation to core and between windings, 
always means economic loss and sometimes and small stray losses 


electric furnace transformers. 

Introduction transformers, we only wish to point out the 

characteristics of the elec^ properties which determine^ the relativejfieW^f 


^trsv losses in the coiiciuctors^ 
always means economic loss anu sumeumto stray 

entails the destruction of parts of the furnace, must be executed vnth ^mall^ «duj^ 

their axial length. 
Such coils are 


The electrical 
plant must be de:? 
signed with spes: 
cial regard to fur^* 
nace conditions, 
and also with due 
consideration .gi 
the men working I si 
it, who are used 
to handling heavy 
things, and are 
consequently not 
usually very carets 
ful. Lastly, unin^ 
terrupted and 
economical operas 
tion of the furnace 
is required and 
this demands tho^ 


lt.ht.lt.ht.lt. 



a. Core transformer with b. Core transformer with HeHh HeHhHe 

concentric windings. pancake coils. c. Shell transformer. 

Fig. 1. Cross section through core and shell type transformers through the axis 
of the windings. The arrows give generally the direction 
taken by the cooling oil. 


accordingly long 
and narrow and 
with few turns 
per coil; when 
they are made for 
heavy currents 
they must nccess* 
sarily be divided 
into a large num** 
her of parallel 
conductors on 
account of eddy 
current losses. 
The windings in 
a shell transform 
mermust, in order 


rough interchangeability between all parts of to obtain the same good characteristics, be 
the electrical plant. The principles on which made with great radial breadth in proportion 
Asea’s presenti^day furnace transformers are to their axial length. The coils in a shell 


constructed, and the extent to which they meet 
the special requirements mentioned above will 
be shown in the following. 

Comparison between Shell & Core Types. 

The chief points of difference between a furnace 
transformer and an ordinary power transformer 


to their axial length. Ihe coils in 
transformer for heavy currents can therefore 
be furnished with massive copper conductors 
’’wound*’ on edge so as to give great mechas^ 
nical stability, without fear of the eddy current 
losses becoming too high. The high tension 
windings, i. e. those which carry a considerably 
smaller current, are wound on the same prin^ 


are that a transformer for furnace work is di^ ciple for both large core and shell transformers. 


mensioned for a secondary current which is very 
high in comparison with the output; is usually 
provided with extra tappings on the primary 
winding for varying the secondary voltage in 
the ratio of 1:1.25 or 1:3; and finally is often 
designed to withstand direct short circuits on 
the secondary side as well as heavy mechanical 


of copper strip wound flat in spiral coils. 
From a mechanical standpoint accordingly the 
difference between the windings in core and 
shell transformers is that in the former they are 
less stable mechanically, and more difficult to 
manufacture. The terminal leads in addition must 
be fixed to the many conductors of the winding 


stresses of various kinds. For power transformers by cable clamps and bolts, while in shell trailSs* 


formers these leads can be sweated direct to the 
coils which are themselves massive copper con** 
ductors and thus make a continuous whole with 
the leads. 

The arrangement of extra tappings on core 
type transformers always entails special consides? 
ration in order that they may not give rise to 
undesirable effects. In particular when tappings 
It is not intended to consider here the fun^ are provided so that a considerable part of the 
damental differences between core and shell type windings are disconnected, special arrangements. 


the core type has in our experience been found 
most suitable, and at the present time practically 
all power transformers are made in this way. 
This type, however, has certain drawbacks when 
considered in relation to the special requirements 
of furnace transformers; For sizes above 100 kVA 
these last are accordingly always constructed of 
the shell type. 
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Fig. 2. Assembling core plates on a shell transformer. 

must be adopted, so that the high and low 
tension windings shall not become magnetically, 
unbalanced, and large eddy current losses and 
considerably increased reactance occur in the 
transformer when the tappings are changed. 
Where many regulating steps are required and 
when more than 30 % of the winding is to be 
disconnected, these difficulties become very great 
in windings for over 1,000 volts, and it is 
accordingly very difficult to use core type trans^^ 
formers at all in such cases for furnace work. 
In a shell type transformer, however, no diffi^ 
culties whatever are met with in providing extra 
tappings by which 60 or 70 ^ or more of the 
winding is disconnected. The only point de«? 
manding care is that the tappings are so arranged 
that the reactances of the parallel connected low 
tension coils are as far as possible the same. 
The advantages of the shell type transformer 
over the core type transformer, as regards the 
bringing out of extra tapping for large pers^ 
centage differences, are accordingly very great, 
and constitute the chief reason for the use of 
shell type transformers for furnace work. 

As shell type transformers are always coxnf 
structed with rectangular coils and core type 
transformers with circular coils, and as in a 
shell type transformer the coils of the high 
and low tension windings are distributed alters^ 
nately in the axial direction while the windings 
in the core type can be made concentric, the 
stresses which normally occur in the axial dire^ 
tion in a shell type transformer are very much 
greater than the corresponding stresses in a core 
type transformer, especially if the last is not 
furnished with extra tappings or has windings 


which are magnetically well balans^ 
ced. The stresses occuring in a 
radial direction are smaller in the 
shell type transformer, but the core 
type transformer has the advantage 
that these radial stresses on account 
of the circular form of the coils 
are taken up by the copper in the 
winding itself, while the rectangular 
coils of the shell type transformer 
must be very strongley supported 
in order that they will not be 
deformed when short circuits occur. 
It may be said in parenthesis that 
the radial stresses in a shell type 
transformer are not of such great 
importance, since on account of 
the construction of the iron core 
they are neutralised to a certain 
extent by the attraction of the 
core. The mechanical stresses 
which are dangerous to the wind^ 
ings in a shell type transformer are accords* 
ingly always considerably larger than in a core 
type transformer with concentric windings,, and 
in order to obtain a construction entirely satiss* 
factory in use it is necessary to provide winds* 
ing supports 
of a specially 
heavy nature in 
shell type transs* 
formers. There 
is, however, no 
particular cons* 
structional diffis* 
culty in making 
these winding 
supports suffiss 
ciently safe, and 
accordingly the 
drawbacks due 
to the greater 
mechanical stress 
ses in a shell 
type transformer 
are not so great. 

They must, hows* 
ever, partly on 
this account be 
made heavier 
and more mass* 

* sive than corress# 
ponding core 
types, and they 
are accordingly 
also somewhat 



more expensive 
to manufacture. 


Fie. 3. 4,000 kVA furnace transformer for 

10,000/60—100 volts, 50 cycles, Scott connected. 
Transformer arranged with overlapping 
core joints. 
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and this pressure and the friction between ;i|?es^ 
pective core plates in the joints is sufficient to 
take up the mechanical stresses from the coils. 
In this way no supports are required for holding 
the core together in the direction of the plane 
of the core plates. When the core is made with 
’’butt’* joints instead of with interleaved joints, 
such supports are absolutely necessary for taking 
up the mechanical stresses from the coilsj and the 
construction is accordingly much more heavy4nd 
clumsy. (Compare the illustrations in figs. 3 and4 
of which fig. 3 shows a 4,000 kVA smelting furs? 
nace transformer with overlapping joints and 
fig. 4 a 3,000 kVA transformer with butt joints. 
In general it is thought that butt joints are an 
advantage in shell type transformers on account 
of the greater ease in erecting and dismantling. 
According to our experience this is not the case. 
The erection of a transformer with butt joints, 
reckoning the time for placing the different 
stacks oF core plates in position, takes at least 
as long as the erection of a transformer with 
interleaved joints, and the dismantling of a 
transformer in a case where one or other of the 
coils is defective is practically as simple. On a 
transformer with butt joints it is not necessary 
to dismantle the whole core for ^repairing some 
part of the winding, but on transformers with 
interleaved joints only one side need be loosened 
out, and the defective coils removed from the 
remaining part. 


Fig, 4. 3,000 kVA power tr.insformer for 72,500/40,000 volts, 50 cycles. 

Transformer with butt jointed core. 

Constructional Details of Shell Type Transformers. 

During the long period in which we have 
manufactured shell type transformers, we have 
had the opportunity of testing many different 
principles of construction which have proved 
to be more or less dependable in service and 
suitable for their work. This long experience 
has been brought to bear on the design of our 
present type of shell transformer, and in the 
following some of the principal details of our 
present construction will be dealt with. 

The Core. 

The cores are always constructed with over^ 
lapping jpints (see fig. 2) and without any bolts 
^traversing the core plates themselves. The ad;^ 
Vantages of this are that the losses in the iron 
are the smallest possible, that the transformers 
work silently, and lastly that the stacks of core 
plates themselves act as a mechanical support 
for the windings. By heavy end supports which 
are placed over and under the core plates and 
drawn together by stay bolts outside the core, 
(See fig. 3) the core is tightly pressed together 


Windings. 

The windings are built up as before described, 
the high tension coils 
being of spiral wound 
strip and the low tension 
coils of massive flat cop^ 
per bars. The construe** 
tion of the former is in 
accordance with fig. 5. 

The coils are wound 
of copper strip on the 
flat and this construction 
affords the advantage 
that the coils are very 
compact and strong me** 
chanically. The conduce 
tors themselves are cot** 
ton covered and for 
high voltages a combined 
paper and cotton cover#* 
ing is used. In addition 
presspahn or paper is in#* 
troduced between turns 
to increase the strength 
of the insulation. As the 
conductors are wound 



Fig. 5. High tension coil for 
1,000 kVA tumace transformer. 
12,500/50—180 volts, 25 cycles. 
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as 


above and with 
presspahn placed 
between them there 
is practically no pos^ 
sibility of the in^ 
sulation between the 
conductors breaking 
down in use. Such 
windings are accord** 
ingly particularly 
free from breakdown 
troubles. The safety 
of the coils in use 
is also increased by 
impregnating all the 
coils in a vacuum 
with oil resisting 
varnish so that the 
risk of the insulating 
material absorbing 
moisture i§ greatly 
decreased whilst the 
coils are rendered 
very rigid. No extra 
strengthening of the 
insulation on the con** 
ductors near the ter^ 
minals is furnished 
on furnace transform 
mers, but insulation 
of the same strong character is used throughout 
in all parts of the windings, this having shown 
itself to be the best and safest principle when it 
is necessary to protect against abnormal pressure 
rises. The low tension windings are always 
constructed of flat copper bars welded topther 
and are left bare and not provided with any 
insulation round the conductor itself, see fig. o. 
These coils are insulated from one another and 
from the core and high tension windings by 
the insertion of presspahn and wooden strips. 



Fie. 6. Low tension coil for 1,000 kVA 
furnace transformer, 12,500/50 180 volts, 
25 cycles, 


to the requirements as regards mechanical stren^h 
we now always employ presspahn, fibre, bakelite 
etc. materials which besides being strong do not 
shrink or warp after being in use for some time. 
The manner in which the insulating is carried 
out is shown in fig. 5. Round the long sides 
of the coils are laid pressed U-shaped strips of 
presspahn, which are so formed that not only 
is a long leakage path from the winding to iron 
obtained, but also as large a part as possible 
of the winding is open, giving a large area for 
dissipation of heat between the conductors and 
the oil in the oil channels, so that the windings 
are effectively cooled, and the copper can be 
fully utilised without fear of any part of the 
winding reaching a temperature dangerous to 
the transformer. Between respective coils are 
laid, in addition, presspahn guards alternating 
with the oil channels and depending on the 
working voltage and guaranteed test pressure. 

For taking up the mechanical pressure and 
ensuring that the coils will be immovable, even 
under the pressures resulting in the event of 
short circuits, heavy wood strips are placed beti* 
ween the core and the coils after the transformer 
core and windings are erected and the end 
supports assembled. The free coil ends over and 
under the core ate forced together by special 
presssscrews (see fig. 14) acting on heavy plates. 


Additional Tappings. 

In arranging extra tappings for regulating the 
secondary voltage it is in general only necessary 

A Bs B 4 B 3 B 2 B, 
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Insulation. 

As regards the insulation between the re^ 
pective windings and between the wmdings and 
the core, it is only necessary that this shall be 
dimensioned in a suitable manner to meet toe 
electrical requirements. The insulation must also 
have very good mechanical characteristics so that 
it will not shrink or settle after being some 
time in use, also that the mechanical pressure 
exerted on the windings when the transformer 
is fully assembled will not decrease with time, 
allowing the coils to become loose. If the coils 
can move in this way the stresses set up on a 
short circuit are much more dangerous than it 
the coils are heavily pressed the whole tune. 

In order ti^ obtain inswl^tion which corresponds 
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pig. 7. Atrimgcraetit of tapping, for furnace transformers. 
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From line 



to consider three things. In the first place of 
course they should be so arranged as to give 
the required regulation. They should be placed 
so that they do not endanger safe operation; 
so that, as far as possible, the same reactance 
is maintained in secondary coils which may be 
connected in parallel; and so that no voltage 
appreciably higher than the normal can exist, 
during working, across any parts of the trans?* 
former windings. 

Our additional tappings are always made with 
copper strip which is riveted and soldered direct 
to the conductors themselves, carefully insulated 
in the coils and brought out through the oil 
channel between the respective coils in flat 
bakelite tubes. By this arrangement the risk of 
breakdown by a failure at the tappings is 
reduced to a minimum. To maintain the same 
reactance in the secondary coils the tappings 
must as far as possible be placed symmetrically 
with regard to the respective windings. This is, 
however, not absolutely necessary since in a 
suitably arranged furnace installation the parallel 
connection of the respective secondary coils is 
effected at the furnace itself. To the reactance 
of each coil is therefore added the reactance of 
the leads between the transformer and the fur;^ 
nace. As the reactance of these leads is in most 
cases two or three times greater than that of 
the coils themselves a relatively large difference 
in the reactance of the transformer coils has a 
small effect on the division of the current in 
different coils during normal operation. In this 


connection it should be pointed out that when 
carrying out a shorts^circuit test on a furnace 
transformer with many parallel connected coils 
in order to determine the short^^circuit voltage 
and copper losses, the secondary coils should 
always be connected in series %o that the same 
current passes through all the coils, since with 
parallel connection there is no means of ascertas^ 
ining what division of current is actually being 
obtained. Our guarantees regarding transformer 
copper losses and reactance are always given on 
the assumption that a short circuited test for 
their determination will be carried out in the 
above manner. If the extra tappings for varying 
the secondary voltage are placed at the end of 
the high tension winding, as shown in fig. 7a 
and b, then when the full voltage is applied 
across terminals A and Bs or across A 3 & B 3 a 
higher voltage will be obtained between terminals 
A & Bi or Ai & Bi respectively. In cases where 
the regulation amounts to a maximum of not 
more than 30 to 40 ^ (the highest voltage being 
accordingly 30 to 40 ^ greater than the working 
voltage) this is not of great importance sincet 
the test pressure is always twice the working 
voltage + 10,000 volts and furnace transformer^ 
are not normally constructed for higher working*^ 
voltages than 20 kV. If however the alteration 
is greater, the ratio being say 2 or 3 and above 
it will be seen that the arrangement in fig. 7a 
and b will give rise to dangerous pressures, 
especially if the transformer is not designed for 
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a higher test preso 
sure than twice 
the working vol# 
tage + 10,000 
volts. In such 
cases the tappings are arranged in a special way 
for reducing the highest voltages which can occur. 
This is commonly managed by dividing the HT 
winding into two parts (fig. 7 c) or more (fig. 7 d) 
these parts being electrically separated and connec# 
tion between them being effected outside the trans« 
former by extra terminals. At the outer points 
(A—B) of the winding there thus always exists 
the normal working voltage. The highest pressure 
difference arising is thus equal to the working 
voltage if the ratio of the change is less than 
1:2 or the working voltage multiplied by half 
the change if this is greater than two. If the 
winding is further divided the reduction in 
voltage is still greater. As an example of the 
way in which the connections can be made in 
order to reduce the highest pressure difference 
we may refer to the scheme shown in figs. 7d 
and 8. (Fig. 8 shows how the transformer and 
the winding coupler belonging to it are con# 
nected together in such a case). These apply to 
a single phase transformer of 1,000 kVA 
12,500/50—180 volts with additional tappings 
on the HT side for regulating the secondary 
voltage between the voltages given above in 
equal steps each of 10^. If this transformer 
were arranged, as in fig. 7a, then a secondary 
voltage of 180 volts would mean a maximum 
pressure of 45,000 volts being maintained on 


the HT windings. 
If the HT wind# 
ings are in two 
parts as in fig. 7 c 
the maximum 
pressure would be 32,500 volts with 180 volts on 
the secondary side. As actually constructed the 
maximum pressure has been reduced to 20,000 
volts. This transformer is accordingly built as 
a 20 kV transformer as regards insulation al# 
though for use on a working voltage of 12,500 
volts only. 

Systems of Pressure Regulation. 

For regulating the voltage it has been previ# 
ously said that extra tappings are arranged on 
the high tension side of the transformer for re# 
connection outside the transformer. The recon# 
necting can be done with the transformer discon# 
nected from the supply by means of ordinary 
knife switches or other arrangements or during 
working by the help of our winding coupler type 
UR, which was developed a very long time ago. 
The last arrangement, i. e. a transformer with extra 
tappings on the high tension winding combined 
with a coupler of type UR appears to us to be 
the most suitable for furnace work, as on account 
of its simplicity it is very dependable in action 
and easily operated by hand. Another system 
which we have made use of several times in 
the past is to use two transformers both without 
extra tappings, one (the main transformer) fur# 
nished for the mean voltage required by the fur# 
nace and the other (the booster transformer) 


tpillHlJIUIHJIUBlI 

Fig. 10. Furnace leads. 
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Fig. 12. Portable electric equipment for 1,000 kVA, single phase 12,500/50—180 volts, 25 cycles. 


furnished for a voltage equal to the required press' 
sure step and connected in series with the main 
transformer on the secondary side. By connects* 
ing the booster transformer voltage in series or 
in opposition to that of the main transformer and 
by short circuiting its high tension winding three 
regulating steps are obtained. This system besides 
complicating the layout of the plant also has 
the disadvantage that it can only be arranged 
for three regulating steps and for every additional 
pair of regulating steps a further booster transs* 
former is required with necessary connecting 
device etc. Also when connecting the booster 
transformer in opposition power 
circulates between the main trans** 
former and the booster transformer 
and causes unnecessary losses. 

Another system of voltage regu:* 
lation which has come into use in 
America combines extra tappings 
on the transformer and a coupler 
similar to that in use with our 
system but includes also a booster 
transformer and an induction re** 
gulator. We cannot enter here into 
a more detailed explanation of this 
system but must point out that 
in accordance with our experience, 
obtained from installations fur** 
nished by us, a continuous regula:^ 
tion of the voltage is not at all 
necessary because the resistance 
of a furnace is by no means con^ 
stant. In most practical cases only 
2 or 3 voltage steps are used, even 
if the transformer is furnished 
with a very considerable range of 


regulation. The provision of a 
booster transformer and induction 
regulator must accordingly be con:* 
sidered as an unnecessary compli:* 
cation which lowers the safety of 
the plant in use, "particularly as 
an induction regulator can never 
be built as safely as an ordinary 
transformer. 

Division of Load. 

Besides great dependability, and 
good efficiency an electric furnace 
plant must possess a number of 
other characteristics regarding 
which a few words will be said 
next. In the first place comes the 
question of the division of the 
load on the network and at the 
electrodes if 2 or more electrodes 
are used. In most cases the electrical 
power for smelting is taken from a three phase 
system which must be loaded as far as possible 
symmetrically in order that the furnace shall not 
upset other plant connected to the network. 
One single phase furnace only could not be 
constructed so as to give an even load on a 3** 
phase system. However booster transformers are 
connected there always remains a single phase 
load on the 3:*phase supply. If the number of 
single phase furnaces is even, or if 2**phase 
furnaces are used the transformers belonging to 
them can be Scott:sconnected, so that when the 
loads on both furnaces are equal a fully sym:* 



Fig. 13. Portable electric equipinent>r 1,000 kVA, single phase 12,500/50—180 volts, 25 cycles. 
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metrical load- is obtained on the three phase 
system. If the furnaces number more than two 
their transformers can be single phase trans# 
formats and when suitable each transformer can 
be connected between two phases. In that case 
however it oft%n happens that one of the 
naces must be taken out of use while the others 
remain at work. This results in the balance of 
the 3«phase load being upset unless the 
ining transformers can be Scott^connected. This 
however is quite easily arranged and we have 
developed a system in which by only throwing 
over a 3#pole two-way switch any transformer 

can be connected and the remaining ones coupled 

in Scottsconnection. The arrangement is in ac«i 
cordance with the diagram in fig. 9 which also 
shows how the change over switch should be 
operated by different combinations of the trans# 
formers. If the single phase furnaces number 
more than 3 they can always be divided up 
into 3#phase and 2=phase grotips and it is 
accordingly quite easy to maintaiii a good 
loading of the 3 phase supply. If the furnace 
is 3*phase or multi^phase (3, 4, 6, 8, or J 
electrodes) 3s!phase or Scott«connected trans# 
formers can always be used for maintaining a 
good division of load on the 3#phase network. 

Another division of the power which is 
probably of even greater importance is the 

dividing of the energy supplied to the electrodes 

when these number two or more, so that alHhe 
electrodes are used up to the same extent. This 
not only depends on the manner in which the 
electrodes are arranged, but also still more upon 
the reactance in the different phases, and a good 
division of the power is obtained from the 
simple principle that all reactance should be as 
far as possible equally divided between the 
different phases. As the impedance of the arc 
is practically free from induction most ot the 
reactance in the installation is to be found in 
the transformer leads and in the extra reactance 
coils connected in circuit. The transformers must 
have the same reactance per phase if they are 
of single^phase or three^^phase type. If they are 
5cott*connected the main transformer should 
if possible possess a reactance double that ot 
the secondary transformer (each half of the main 
transformer should have the same reactance as 
the secondary transformer). The leads to the 
furnace should be carried out with each phase 
run separately, and with the out and return 
conductors laminated right up to the furnace 
and as near to the electrodes as possible, ihis 
means that in a three phase system the secondary 
must always be connected in delta or open three 
phase. Accordingly in fig. 10, which shows a 
set of lead§ to a three phase furnace, group 1 


combines out and return leads for phase 1. 
Group 2 the same for phase 2 and group 3 the 
same for phase 3. In each group the distance 
”a" between leads belonging to the same coil 
is small in relation to the distance ”b” between 
the leads belonging to two neighbouring coils. 
Lastly the distance ”c” between respective groups 
should be as large as possible in relation to the 
other distances. By making the conductors as 
far as possible of the same length and by ado^# 
ing the arrangement above the reactance for the 
respective pairs of leads is made as nearly as 
possible the same and the mutual induction 
between the respective pairs of conductors and 
between the respective phases is also as small 
as possible, so that the smallest possible losses 
take place, due to transformer effect between the 
different groups of conductors from the windings; 

In ordinary cases the chief reason for the elec>= 
trodes not receiving equal amounts of power is 
to be found in this law efficiency transformer 
action from one group of coils to the other. 

Extra Reactance. 

In cases where sufficient reactance for stable 
working of the furnace does not exist in the trans>= 
formers, and in the furnace conductors, extra re*- 
actance coils must be introduced and care must be 
taken that these supply a symmetrical increase 
in the reactance to all phases, (three phase even 
with Scottsconnected transformers) and that they 
give the required reactance with the smaUest 
possible losses and for the least cost. The first 
requirement depends on the necessity of mainta# 
ining a symmetrical load on the three phase net 
and heavy unsymmetrical reactance connected in 
circuit interferes with this. Both requirements 
are met if one or two 3»phase reactance coils, 
(or three or alternatively 6 single phase coils) 
are connected in pairs with the primary windlinp 
of the transformer, i. e. between the net and the 
furnace transformers. It is self evident that the 
first requirement is fulfilled for the above and the 
second requirement is also met, because the pri« 
mary current of the transformer is always very 
small in comparison with the secondary current, 
and a reactance coil of large current carrying capa<> 
city is more expensive and has higher losses 
than a reactance coil of similar capacity for lower 
currents (assuming that the working voltage m 
this last coil is not specially high). Another 
advantage which is obtained by this arrangement 
is also that the furnace transformer does not 
have to deal with the active power and can 
accordingly be smaller and have a higher eihci« 

If the reactance of the extra coil is required 
to be variable this can be attained by combining 
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two reactance coils of different capacity which 
are connected in series and of which either one 
or the other, or both, can be short circuited, 
or alternatively by providing a reactance coil 
with tappings for one or more diflferent reacts^ 
ances, the change from one tapping to the other 
being made without breaking the current, simply 
by connecting on to one tapping before breaking 
the connection with the other. It should be noted 
that with this method of altering the connections 
the change must be made rapidly as an extra leaka 
age field is caused which passes through the tank. 

Cooling. 

As regard cooling of furnace transformers the 
same principles as for ordinary power transform:* 
ers .can in general be used although forced 
cooling can more often be. made use of for 
furnace transformers. This is because during 
working there are always men available who can 
attent to the colling arrangements. 

Standard Accessories. 

Our furnace transformers are usually provided 
with transport wheels with barring gear, contact 
thermometers which give the maximum tempera:* 
ture of the oil, and indicating arrangements for the 
cooling water which operate if there is a stoppage 
of the water flow in any 
of the cooling tubes. They 
are not normally provided 
with expansion vessels on 
account of the difficulty 
of making oil tight joints 
round the secondary ter:* 
minals. In one or two 
cases furnace transformers 
have been provided with 
expansion vessels and the 
arrangement adopted has 
been found entirely satis:* 
factory, so that where 
expansion vessels are con^ 
sidered necessary on ac:* 
count of high working 
voltage they can be fitted. 


Portable Equipments. 

In order that a furnace may work as safely 
as possible without interruption it is necessary 
for the electrical equipment in case a fault deve^ 
lops to be quickly repaired, or replaced by a 
spare equipment, or changed 'over with the 
equipment, from another furnace which is not 
in use. In plants where a large amount of 
voltage regulation is provided this changing 
gives rise to great difficulty as the connections 
between the furnace, the transformer and the 
regulating arrangements and switchgear etc. are 
relatively complicated and require considerable 
time for dismantling. In order to simplify the 
changing and removal of faulty parts the whole 
of the electrical equipment is sometimes made 
portable. We have developed a number of 
designs for such installations and several of 
these have been built. The furnace equipment 
consists in these cases of a fixed unit, the furnace 
with the furnace leads, operating devices etc.; 
a removable unit including the transformer, 
the winding reconnecter, reactance coils, circuit 
breaker, disconnecting links etc.; and a connect:* 
ing unit carrying the connecting leads between 
the furnace and the transformer, between the in:* 
coming primary supply and the circuit breaker, 
and between the operating device and the winding 
connecters, circuit breakers 
etc. worked by them. The 
movable unit is erected 
upon a truck and can 
accordingly be shifted 
without making any alte^ 
rations to the connections 
between the respective ap:* 
paratus. Figs. 11, 12 and 
13 show different arrant 
gement of this movable 
unit. The connecting unit 
is so designed that all 
the connections can be 
quickly broken and so 
that the fixed and moving 
units correspond exactly 
with each other. 



Fig. 14. 900 kVA furnace transformcli: for 500/55—50 volts, 
50 cycles, Soott connected. Overlapping joints 





TRANSFORMER OIL 


The importance of transformer oil as an insu^ 
lating medium in high voltage apparatus is 
universally recognized on account of its high 
dielectric strength, low dielectric loss, high in^ 
sulation resistance, and good cooling qualities. 

The transformer oils have, however, the serious 
disadvantage of deteriorating rapidly at high 
temperatures, and in this respect are inferior to 
most other good insulating materials. The de«s 
tcrioration is mainly an oxidizing process, which 
is still further accelerated by the metals present 
in a transformer. 

Under the influence of all these causes even 
the best refined transformer oil is sooner or 
later destroyed at the temperatures allowed in 
transformers. The oxidizing process forms acid 
products soluble in oil and acid as well as 
neutral resinous compounds and asphalts, of 
which the former are partly soluble in hot oil, 
whereas the latter are insoluble. 

These insoluble substances form the well known 
sludge deposits on windings and cooling tubes — 
on the latter chiefly the resinous compounds 
soluble in hot oil — which impede the cooling 
of the windings and also impair the heat conn 
duction from the oil to the cooling medium. 
To this is added an increase in viscosity, which 
makes the cooling still poorer. 

Under the heading above the results of some 
researches performed in the Asea laboratories 
will be published in this journal, covering the 
properties of transformer oils in these respects. 
This article deals with studies on the effect of 
the electric field and on the influence of ttmn 
perature on the stability of transformer oils. . 

As a result of these researches a new testing 
method is proposed, in which the combined 
effect of oxygen, copper, iron, and the electric 
field is taken into account. 


L The influence at high temperatares of an electric 
field in the presence of copper and iron, 
and with free access of air to the 
hot surface of the oil 

Knowing the effect, mentioned in the mtro^* 
auction, of metals and of various conditions 
existing in transformers, it seemed to 

expect a similar effect from the rather strong 
Sic field to which the oil in a transformer 

‘*Srtai^'observations made in transformers 
shortly after the sludge formation hi« started 
are in favour of this assunaption In some 
cases it has been found that the sludge forma** 


tion is more marked on the terminal leads, and 
those parts of the winding where the .strongs 
est electric field is present, than on other paris 
of the transformer. 

The average stress in the oil close to these 
most highly stressed parts is generally in the 
neighbourhood of 10 kV per cm. 

The following experiment was made to study 
this question: 

.Arrangement of test. 

The oil was kept in cylindrical porcelain pots, 
on the outside covered with a tin foil coating 
connected to ground. In the pots were placed 
spirals of edgewise wound iron strips (0.i.> % 
C rolled steel) braced with copper wire, which 
at the same time served as a high tension lead. 

The area of the iron strips was 114 cm’-, and of 
the copper bracings 12 cm^. The complete 
arrangement is shown in fig. 1. 

The oil in the pots was thus exposed to the 
effect of the electric field between the tin foil 
coating and the spiral, where a voltage of 25 
kV was continuously applied. This gives an 
average stress in the oil of the same magnitude 
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as that normally existing at the most highly 
stressed parts in a transformer, as mentioned 
above. 

Even in the dark room, no corona could be 
discovered on the sharp edges of the spirals or 
around the parts of the bracings above the oil. 
As a further safeguard against undue effects 
from the possible formation of ozone, the brac:? 
ings were surrounded by glass tubes reaching from 
beneath the surface of the oil up through the cover. 

The covers protected the oil from dust, but 
did not prevent air circulation. 

In the experiment 6 such cylinders were used 
each with a capacity of 1 litre. Four of these 
were exposed to the voltage stated above during 
the whole time of the test while the remaining 
two were not subjected to any electrical pres^f 
sure, although otherwise arranged and fitted up 
in exactly the same manner. 

The pots were all immersed in an oil bath 
maintained at a temperature of 90° 

The duration of the test was 6 months. 

The oil used was an American oil of a well 
known brand, with an unusually high tar value 
for its kind, namely O. 21 —O .22 according to the 
Kissling test but entirely without formation of 
sludge; its serial number is G. 374. 

Result 

On opening the cylinders at the end of the 
experiment the oil was found to have under;* 
gone considerable deterioration as follows: 

Oil under the influence of electric field with 
presence of copper and iron: 

Exceedingly heavy sludge formation in the 
oil, a 1 mm thick layer being deposited over 
the whole spiral; at points where the copper 
joined the iron this layer increased to 3 mm in 
thickness. On the porcelain walls a 1 mm thick 
layer of rather hard deposit was also found, 
and similarly over the centre of the bottom of 
the pots with a diameter of about 30 mm (the 
diameter of the spiral = 82 mm); round the 
above was a less compact but thicker layer. 

The oil was of dark brown colour throughout 
and was found to have a tar value of 2,45 
Sludge quantity, obtained after precipitation 
with normal benzine = 2.54 

Acidity of sludge = 98.8, of oil 4 . 9 . 

Od which was only subjected to Jieating in the 
presence of copper and iron. 

Heavy deposition of sludge in the oil. No 
deposit on the spirals except in the vicinity of 
the copper conductors; none on the sides of 
the porcelain pots. On the bottom was a loose 
layer 2—4 mm thick. 


The oil was of dark brown colour throughout; 
tar value = 1,84 

Sludge quantity, obtained after precipitation 
with normal benzine = l.i 

Acidity of sludge = 36.4, of oil 0 . 98 . 

This experiment thus shows the great sludge 
formation in a fairly good oil when heated to 
quite a normal working transformer temperature 
under the influence of an electric field in the 
presence of considerable masses of copper and 
iron and with air allowed access to the surface 

The increase in the amount of sludge through 
the influence of the electric field is over 100 ^ 
while the acid and soluble tar and resinous 
compounds are increased by 33 ^ above the 
quantity formed in the presence only of copper 
and iron. In addition to this the sludge formed 
is of an entirely different character, being found 
deposited on the parts under electrical pressure, 
in hard, tightly adhering layers, especially at the 
outer corners of tlie spiral where the potential 
gradient is greatest. 

The acidity is 2.7 times higher in the sludge 
and 5 times higher in the oil. 

II. Effect of temperature on the stability of 
transformer oils. 

With regard to the much debated question as 
to what temperature is allowable for the oil in 
a transformer, it is of the greatest value to know 
the connection between the time of heating until 
sludging occurs, and the temperature, and above 
all to investigate if there is a temperature below 
which no sludge formation will take place, no 
matter how long the heating proceeds. 

Method of conducting the experiment: 

To obtain conditions corresponding as far as 
possible to those existing when an oil is used 
in transformers and apparatus, the heating was 
carried out in open rectangular containers of 
sheet iron, in which copper was placed. An 
electric field was not used on account of the 
complication of the arrangement. Nor were 
varnish and insulations used as these have been 
shown to be practically without influence on the 
sludge formation. (These experiments will be 
reported on later). 

With a view to reducing the time of heating 
the containers were flat, and with the following 
dimensions, oil quantity, and surface area of 


copper: 

Surface area of container . 100 cm“ 

Quantity of oil . 100 cm’ 

Area of copper (wire). 10 cm^ 


Bour such containers were prepared and placed 
in an electrically heated sand bath. In order to 
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maintain the same temperature in all the con!> 
tainers these were placed close to each other in 
a common tank of heavy sheet iron, which in 
its turn was sunk into the sand bath. By this 
means four different transformer oils, as specie 
fied below, wert heated at the same time under 
identical conditions. 

Heating was carried out with free access ot 
air at 70, 90, 105, 120 and 150°C and the time 
of heating was determined, for different oils, 
until the first traces of deposit or turbidness 
were observed. This time, in what follows, is 
called the »critical time* of the oil. 

The oil was tested every day for formation 
of deposit, a small quantity being removed in 
a teststube after careful stirring; this oil 'was ot 
course returned to the container afterwards. The 
examination was made by transmitted light alter 
the oil had cooled, so that sludge soluble in 
warm oil was also taken into account. In doubt* 
ful cases the solubility of the oil was tested 
in petroleum spirit. 

All the oils were filtered before use, so as to 
remove any turbidness existing beforehand. In 
addition, when turbidness was established, the 
tar value and oxygen content of the oil was 
determined. 

The oils used were.: . 

I.. Extra high grade transformer oil (.<J- 51/; 
.II. Best high grade transformer oil (G. 488) 
ill. Transformer oil I, used for some time in 
a transformer (G. 508) 

IV. Second grade transformer oil used in a 
transformer for a considerable time (G. 505) 


Heated to 

;o5° c. 



Critical time, k, 
hours 1073 

dk/dt 64.5 

Tar value, % 0.54 

Acidity as % SOg 0.035 

353 233 

25.8 16.0 

0.38 0.38 

0.080 0.086 

65.6 

3.26 

1.80 

0.12 

Heated to 12(f C. 



Critical time, k, 
hours 137 

dk/dt 52.0 

Tar value, % 0.58 

Acidity as % SO 3 0.04 

65 

9.0 

0.75 

0.05 

50 

5.4 

0.77 

0.065 

17 

1.35 

2.06 

0.10 

Heated to 15(f C. 



Critical time, k, 

hours 6 

dk/dt 0.48 

Tar value, % O .06 

Acidity, as % SOg 0.06 

4.5 

0.45 

1.03 

0.0.7 

4 

0.26 

0.80 

0.06 

2.5 

0.085 

2.19 

0,11 


Result: 


Oil 


Tar value % 

Tar value after oxy 
treatment, % 
Precipitate 
Acidity as % SO 13 
Flash point 
Burning point 
Viscosity of 20“ in 
Specific gravity 
Freezing point 


Critical time, k, 

. hours 
dk/dt 

Tar value % 
Acidity as % SOg 


1 

II 

III 

IV 

Before heating. 



0.009 

0.014 

0.02 

1.40 

jeti 

0.10 

0.20 

0.80 

— 

None 

Trace 

Perceptible 

— 

0 

0 

0 

0.08 

184 

162 

168 

146 

215 

195 

205 

185 

’E 5.2 

2.84 

3.0 

8.2 

0.87 

0.84 

0.85 

0.90 

-5 

-8 

-8 

-12 

Heated to 70° C. 



3300 

2641 

2585 

785 

64.6 

125 

239 

153 

1.86 

1.87 

1.15 

1.96 

■ 0.06 

0.07 

0.06 

0.09 


Heated to 9(f C 


Critical time, k, 
hours 2064 

dk/dr 64.5 

Tar value, % 0.44 

Acidity as % SOg 0.04 


911 

55.7 

0.44 

0.025 


597 

37.0 

0.42 

0.03 


120 

8.0 

lf84 

0.16 


It will be noticed that the derivative dk/dt 
is also given for the curves over the critical 
time, k, as a function of the temperature of 
heating t; these curves are given in curve group I 
(fig. 2.). The curve group II (fig. 3.) represents 
the derivatives, which show more clearly .the 
tendency of the oil towards stabilisation. 

These ^ curves show that oils III and IV z. e. 
those which the Kissling tar formation test, and 
also the test in question at above 70 , showed 
to be the poorest ones, show the most decided 
tendency to stabilisation as regards sludge for:* 
mation, and for these 60° would seem to be 
admissible as a stable temperature. For oils I 
and II, which came out decidedly better in the 
above tests, this is not the case when the low 
temperature of 70° is in question. 

On the supposition that the established torm 
of curve is maintained, even at lower tempera:* 
tures, oil II should be stable at about 30 , while 
oil I would never reach a stable temperature as 

regards sludge formation. r. 1 1 j 

It is worth noting that the oils which had 
been in use for some time showed special ten:* 
dency to quick stability. This may possibly be 
explained by the fact that all oils even the 
best — contain a small amount of already partly 
formed, resinous products soluble in oil, which 
are not destroyed by refining, or which are 
formed during the time the oil Is in stock. 
These substances can be expected to form inso^ 
luble asphalt substances (asphalts) quickly with 
free access of air, even at low temperatures, by 
oxidation, intermolecular action, and conden:* 
sation. If now an oil has been some time in 
use and has also undergone heating this alteram 
tion has . already taken place, and the least per# 
manent portion has been precipitated, so that 
such an oil would be expected to be stable at 
the lower temperature. Certainly during this a 
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further depreciation of the oil has taken ph 
and new resinous and acid compounds ha 
been formed, but it is not unlikely, that th« 
are of another character and require a high 
temperature or a very long time at a low tei 
perature for transformation into insoluble su 
stances. The fact that oils III and II are of tl 
same kmd speaks in favour of this conclusio 
A further likelihood of the above hypothed 
IS indicated by the extraordinary increase inti 
cntical time for 70°, above that at 90°, for c 
IV, which has the highest tar value -i. e. tl 
greyest amount of completely formed soluble ad 
producte of decomposition. This is also the caj 
with oil III, which comes next in order, bol 
as to the question of the proportion betwee 
critical time for 70° and 90° and in tar valu( 
It may be mentioned further, that it wi 
shown, that certain oils which were fairly goo 
according to the Kssling test, developed resiLu 
products when kept standing in stock tram 
rormers. 


The hypothesis put forward above leads fis 
nally to the conclusion that formation of resins 
ous products, which takes place in a good 
unused oil at low temperatures is wiAout great 
significance to the good operation of transfors 
mers or other apparatus. 

As the above depends entirely upon the 
supposition that the connection found between 
critical times and temperature is correctly given 
by the curves drawn, and still holds good even 
tor low temperatures, a continuation of the 
experiment is being made for control purposes 
by warming oil to temperatures below 70°C. 

The part of the experiment already completed 
clearly indicates, however, that the stable terns; 
perature is below 70°C — in the most fortunate 
cases at 60 C — and .that the danger of sludgy 
formation increases greatly with temperaturei 
above 70 . This shows the importance of keepind 

the oil temperature as low as possible, preferabl?) 
between 60° and 70°C. tcraoiy^ 

On examining next the tar value, and acidity 
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found with different heating temperatures it is 
discovered that for the same oils these are highest 

after heating up to 70°, 120° and 150 respect 
tivdy, which also indicates that the oils undergo 
oxidation chiefly at very low and very high 
temperatures, fn the region of 90 —105 C the 
acidity and tar values are relatively low sug** 
gesting that the sludge formation at these tempe? 

ratures is chiefly to be ascribed to polymerisation 

and condensation, while absorption of oxygen 
is of quite subordinate importance. 

As the permanency of two oik against poly# 
merisation, condensation and oxidation can, of 
course, vary according to the constitution and 
degree of saturation of the hydrocarbons con# 
tained therein, it is evident that the dependence 
of the sludge formation of temperature can 
exhibit wide dissimilarity and their heat#perma« 
nency curves may intersect. 

Finally it should be pointed out, that the 
critical time of an oil can not be regarded as 
the only deciding factor in regard to its value 
as a transformer oil. Other investigations — to 
be published later — have shown that different 
oik behave very differently after sludge forma# 
tion has started. The amount of sludge formed 
during a certain time is very different for oik 
of different origin and refinement, in spite of 
similar values of the critical time. 


CMn£CT£V WITH 
high r€ttsion 


jtumj^LflreD 

COPPER 




"llLeVLL 9f TC6T OIU 


HIGH fILLOY 
ELCCTRICRu 


- - - Utf-' 



III. A new method of testing the quality of an 
oil in vegavd to dutability against heating in 
transformers and apparatus. 

The lack of agreement between various methods 
of testing the quality of an oil is probably ge^ 
nerally recognized. This is quite evident on 
account of the great differences in regard to 
temperature, presence of substances affecting the 
sludge formation, the treatment in general, and 
methods for determining the quantity of products 

formed. . 

This new method is based upon the requirem^t 
that no consideration should be given to arbi;« 
trarily chosen reactive substances or products, 
and on the contention that it is incorrect to 
judge the oil after an arbitrarily chosen time of 

action, ^ ^ 

Since the methods of refining generally are 
arranged to make the oil as stable as possible 
against the treatment given and the substances 
present in the test, it has been required from 
this new test, that all substances and conditions 
usually present in transformers, which can be 
shown to have an appreciable effect on the oil, 
should also be included in the test. Otherwise 
special types of oil are likely to appear, which 
may pass the test but nevertheless fail to give 
satisfactory jresults in practice. For instance, the 


test includes common stoft steel as well as 
silicon steel, since iron has been shown to 
accelerate considerably the sludge formation, 
although not to the same extent as copper. Iron 
soap has also been shown to be present in the 
sludge formed under the influence of an electric 
field (according to I). A great influence of 
such soaps is found. 

The test is performed under the influence ot 
an electric field with an average density of 10 kV 

. I j i. 

The heating temperature has been nxed at 
100°C, which is only slightly above the m^i# 
mum temperature for transformer oil allowed in 
the* standardization rules of certain countries. 
To go higher than 100*" was not considered safe. 

Finally it should be mentioned that a certain 
quantity of oxygen (1 litre per hour and 60 gr. 
of oil) is blown through the oil. The oxygen 
is dried and purified in passing through concents 
trated sulphuric acid and slaked lime in succession. 

The heating takes place in an oil bath, reaching 
a certain distance above the level of the oil in 
the test; the temperature is controlled within 
± Q.6°C with a thermostat, and a uniform 
temperature is maintained by means of a stirrer. 
Three tests are made with different heating 
times so adjusted that a good oil shows very 
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little sludge (about O .02 ^ after the shortest 
time (70 hrs.), but a large quantity (about O .2 ^ 
after the longest time (200 hrs.)* With the aid 
of these values is plotted a curve of the sludge 
quantity in function of the time, showing the 
time required to start sludge formation (by 
extrapolation) as well as the increase in sludge 
with time. 

In testing oils with known characteristics, 
however, only one test will be necessary, pre«* 
ferably with 100 hrs. heating time* 

The arrangement is shown in fig. 4, which 
is drawn in scale 4:10. 

The oxygen is admitted through the central 
tube, which also serves as the high voltage 
terminal. The tube as well as the cross carrying 
the smaller copper cylinder are made of silver:* 
coated copper in order to prevent these parts 
having an appreciable influence upon the test. 
At normal voltage there is no corona on any 
part of the apparatus, *so that all ionization or 
ozonization of the oxygen is excluded. Nor 
has corona been noticed in the oxygen bubbles 
passing through the oil in spite of the electric 
field between the two cylinders. 

The inner cylinder is made of copper, the 
outer one of iron. The latter consists of two 
parts welded together, of which the inner one 
is of silicon steel, the outer one of soft steel 
(0.15 % C). The iron cylinder is grounded through 
the bracings. 

Both cylinders can easily be removed for 
cleaning. Before starting a test, the copper cy:* 
Under is heated red hot and the oxide formed 
is reduced by alcohol; the rest of the apparatus 
is pickled, washed, and dried. After cleaning, 
to avoid oxidation, the active parts (the cylinders) 
should be kept in bensol until they are placed 
in the oil. 


The sludge quantity is determined as in the 
Michie test: the benzine used should not con^ 
tain more than 2 % aromatic hydrocarbons, and 
should distil over below 95°C. 

It has been found necessary to wash the 
sludge formed once with this benzine after drying, 
because a slight quantity of oil is likely to 
adhere mechanically to the sludge. In drying, 
the sludge usually forms a comract mass, whe:* 
reby the oil is collected on top of the sludge 
and can be washed away without removing any 
sludge. Tho check this, however the benzine 
used is afterwards filtered. 

The sludge quantity is given as a percentage 
of the oil quantity. 

The acidity is determined for the sludge and 
for the oil after removal of the sludge. 

Repeated tests have been found to agree very 
well. 

In order to avoid exaggerated influence from 
either one of the factors affecting the test, which 
might give a difference between test results and 
practice, it wfll be necessary to properly adjust 
the active metal surfaces and the quantity of 
oxygen against each other and the quantity of 
oil. It is intended to perform this with com:* 
parative tests in actual transformers with a 
number of oils differing in refinement as well 
as in origin. 

The results of these tests will be published 
later, as well as studies on the influence of the 
strength of the electric field, of different sizes 
and arrangements of the cylinders, different 
quantities and temperatures of the oxygen, the 
effect of the difference in level between the oil 
to be tested and the oil bath, and of the heating 
temperature, and also tests over the increase 
with temperature, for different oils, of the sludge 
and the acidity. 
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A CONTINUOUS CURRENT PLANT FOR SOUTH AFRICA. 



Fig. 1. Five panel ewitchUird of blick cnameUed date. Front view. 


At the beginning of 

supplied a continuous current installation to 

Messrs. Findlay, Durham A Brodie 

London for Messrs. Reunert A Lenz) 

stad in South Africa and as special plant had 

tobe put in hand.whichisofaverymterestmg 

nature,^we give below some general particulars 

The'plant delivered consists of <^0 
tors, and complete switchgear for distabution 
and running the generators in parallel, also a 
three^wire accumulator battery. The generators 
which, in accordance with the customers re. 
quirements, normally run compounded, are 
arranged for running in parallel and also de. 
signed for charging the battery. 


Battery. 

This consists of 240 cells and has a-total 


capacity of 290 amperchours. The maximum 
charging current is 72 amperes. 


Generators, 

These are of type K.13 and designed for 

dir«t coupling to 60h.p. “/“®®7^^"?2o'volte 
output is 40 kW at a voltage of 2x220 volts 

at 600 r.p.m., corresponding to a load curren 
of 91 amperes. They are built with sliprm^ 

and three.wire compensators for a maximum of 

15 5^ of the load current in the neutra . 
series windings are arranged in two circui s a 
cViftwii in the connection diagram, ng. J. 


Booster Set, 

is comisK o( a K,9 ganatator fo* 72 

and 13 kW maximum output at 220 volts. 

machine is shunt wound and arranged tor 
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Fig. 2. Five panel switchboard. Rear view. 


separate excitation at 440 volts. The voltage of 
this generator is arranged for regulation by 
resistance from 0—220 volts. The generator is 
direct coupled to a type K—9 shunt wound 
continuous current motor for 440 volts and 
1,000 r.p.m. 

Switchboard. 

Scheme of Connections. 

As the machines are normally arranged for 
running compounded it was necessary, when 
running them in parallel without the battery, 
to balance them by means of an equalizer. As, 
in this special case, the generators are arranged 
with the compound winding in two circuits, 
double equalizer bars are arranged between the 
machines. When running the machines in pa^* 
rallel it was necessary to arrange for the series 
windings to be cut out and for the equalizer 
connections to be broken at the same time. 
This requirement has been met by the double^ 
pole changesfover switches 9, and these are 
arranged for changing over without breaking 
circuit; the second requirement regarding the 
disconnection of the equalizing bars is fulfilled 
by the help of the 2^pole switch, 12 in the 
diagram. In the main circuit of the generators 
double^pole overload circuit breakers with reverse 
current relays are placed, for connecting and 
disconnecting the machines ficom the busbars. 
By the 2^poh knife switch 14 and the single^* 


pole quickssbreak switch 13^ each generator can 
be isolated from the busbars. In addition each 
generator is provided with a kWh meter, volt^ 
meter, two ammeters, and shunt rheostat. 

The charging arrangement was supplied, in 
accordance with the wishes of the customer, 
with simple cell regulator. All connections for 
charging the whole of the battery, or one or 
other half of it, are made by the two doubles 
pole change^^over knife switches which are 
arranged to break circuit (A and B in the con** 
nection diagram) and by this arrangement all 
interlocking gear has been dispensed with and 
complete safety still obtained against incorrect 
operation. 

The whole battery is charged with the switch 
A in its upper position and during this opera** 
tion it is immaterial whether switch B is closed 
in the upper or lower position. Discharge of 
either half of the battery can only take place 
with the switch A in its lower position. The 
position of the switch B then determines which 
half of the battery is connected. 

The battery is connected to and disconnected 
from the busbars by 4 single^pole quick**break 
switches (13 in the coupling diagram). 

The booster generator is protected by a mis* 
nimum current release in its armature circuit (15). 

In addition the switchboard is furnished vi^ith 
7 outgoing threes*wire circuits each provided 
with switch, fuses, and instruments, as shown 
in the diagram of connections. 
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Fig. 3. Diagram of connections. 


General , 

As regards the 

f" rand' 2 ^whkh show fronf and Lr views 

fefpectivdy oHhe switchboard after erection m 

°“The°!Jitchboard is- furnished ^itb f Wwk 
enamelled slate P-fthfbotd'k 

omer’s requirements. 


Panel 1 carries all the instruments and ap. 

AS 
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Asea's head office and works in Vesteras, Sweden. 


ALLMANNA SVENSKA 
ELEKTRISKA A.B. 

Head office: VESTERAS, SWEDEN | 
Works: Vesteras and Ludvika ^ 
Telegrams: Asea, Vesteras g 



SWEDISH GENERAL 
ELECTRIC LIE 

5, CHANCERY LANE, LONDON 
Works: FulbourneRd., Walthamstow 
Telegrams: Autosyncro, Fleet, London 


OFFICES, ASSOCIATED COMPANIES AND AGENTS: 


ARGENTINA. 

Compahia Sudamericana SKF, 
Buenos Aires. Victoria 502. 

AUSTRALIA 

Unbehaun & Johnstone, Ltd., 
Perth, W. A. 

383'387 Murray Street. 
Unbehaun & Johnstone, Ltd., 
Adelaide, 100 Currie Street. 
Thomas Bros. Pty, Ltd., Melbourne. 
201 203 william Street. 

Australectric, Ltd., 

Sydney, Wireless House, 

97 Qarence Street. 
Intercolonial Boring Co. Ltd 
Brisbane, 450 460 Ann Street. 

BELGIUM 

SocUt6 Beige d’EleCtricitt Asea, 
Bruxelles, 21 Rue Gr6try. 

' BOLIVIA 

. Graham, Rowe A Co., Orurd. 
Alianza 581. 

brazil 

, Haupt A Co., 

SSo Pedro 50 

Sao Paulo, Rua Boa Vista 46. 
Porto Alegre, Rua 15 de 
Novembre 16. 

CANADA 

Swedish General Electric Ltd.. 
Toronto, Ont., 107 Duke Street. 


CHILE 

' Graham, Rowe A Co., 

Valparaiso, Cochrane 825. 

Santiago. Bandera 267—275. 

Antofagasta, San Marlin 362. 

'■ CftINA 
HenryJ. Moysey, Shanghai, 

Peking Road 64. 

J. Whittall A Compaq Ltd, Tientsin, 
tte. 15 Victoria Terrace. 

DENMARK 

Elektricitets Aktieselskabet Asea, 
Copenhagen K, Bredgade 45. 

. . , ESTHONIA 

: Linke, Martinson A Co., Reval, 
j. Kinga tan 10. 

FINLAND 

Allmanna Elektriska Aktiebolaget 
^ ^ , i Finland. ® 

Helsingfors, Citypassagen. 

FRANCE 

Sociit6 Frangaise d’ElectriciM Asea. 

- Paris. • 

J Boulevard Haussmann 114, 

HOLLAND 

Groeneveld, van der Poll A Co. 

Amsterdam, De Ruijterkade 41, 42. 

V INDIA 

’ Ewing A Co. Ltd., Calcutta. 

_ _ 4, Clive Row. 

The Consolidated Mills Supplies Ltd., 

V , Bombay. 

Yusuf Building, Churchgate Street, Fort. 

besides REPRESENTATIVES IN; 


JAPAN 

Gadelius A Co., 

Tokyo, 41, Akashl*cho Tsukiji. 

Kobe, 58 B, Naniwa machi. 
Dairen, 45, Yu»ku, Satsumacho. 

NEW ZEALAND 

A. S. Paterson A Co. Ltd., Wellington. 
12 Cuba Street. 

NORWAY 

A/S Per Kure, Norsk Motor* og 
Dynamofabrik, 

Christiania, Universitetsgate 24. 
PERU 

Graham, Rowe A Co., Lima. 
Villalta 282. 

PORTUGAL 

Jayme da Costa L;tda, Lisbon, 

16 Rua dos Correeiros 26. 

RUSSIA 
’ Acca, 

Leningrad, Uliza GogoIja 7, 

SOUTH*AFRICA 
Reu^rt A Lenz, Johannesburg. 
Consolidated Buildings. 

SPAIN 

Sociedad Espafiola de Electricidad 
, Asea, 

Madrid, Calle Montalban 13. 


GREECE. 


LATVIA. 


MEXICO. 
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AN INTERESTING INDIAN INSTALLATION. 

In the vear 1 A -A ^ ^ • i is made direct from these switch- 

TTk 1 ^ * /-\ 4.:^...., __.txL 



Fig. 1. Arrangement of the system 


Stations with re¬ 
spect to the out¬ 
put of the trans¬ 
formers installed 
and this is given in 
the table below: 
, There is no par- 
4ooooM^ tieular difference 
between the ar¬ 
rangement of the 
22 and 6,6 kV in- 
^ . stallations if the 

system of connecting the transformers is dis- 
regarded. For the 22 kV stations these are con- 



Co, Ltd., of 
Bombay, Calcutta, 

Karachi Man- 
Chester, London, 

China, etc., etc. 

This work was 
handled through¬ 
out by their Con¬ 
sulting Electrical 
and Mechanical 
Engineer, G. H. 

Thurston Esq., 

\ F"’ London. The 

tact that Asea secured the order for the greater 
part of the material required in competition 
with other leading firms is an eloquent test¬ 
imonial to the high standard of Asea’s ma¬ 
nufactures, particularly as the material to be 
delivered had to satisfy an uncommonly exact- 
ing specification and a close inspection. The 
mills which are now in full operation obtain 
toeir ekctric power from the Andhra Valley 
Fower Company’s two stations Andhra and Tata, 
of which the former is of 50,000 kW and the 

ion Vv^ voltage being 

lUO icV. The power is transmitted, in both 

cases, over lines 50 miles in length, to two main 
substations, where it is transformed down to 
A-Ju. to be afterwards 

ifiHaHEs sfszws 

station to the different transformer substations, 

and forward to the mill substations, is in ac- . , 

wrclance with the general scheme shown in fig. 1 -Scheme of Connections. 

Sassoon” and "MlyeYwon” a« ^ switchboards. Nearestthe power 

an incoming pressure of irkV whTZ^^ f«pply are the main diconnecting links, placed 
remaining Stations ”Rac£ Woi” ”aS^' fJ 

andra”, "E. D. Sassoon’’ and ’Tacob Sasston’’ .W 7 “^truments are dead. The incom¬ 
are supplied at 6.6 kV. ^ through the main oil 

From the main substations the cower is tak^n k k i busbars. Between 

into each mill substation by dunlicate cablps r.^ *be 450 volt busbars are the 

Where these terminate the pYwer^ Wlv S k^T ^^ided from the oil switch 

have provided their own switchffear fOTiIic+' ’ ^y /bsconnecting links on both the high tension 
of disconnecting links, circuit breakers and 7e rn ^ *®“sion sides. All the out-going lines 

instrument transformers for metering the no^Jlr tension busbars., 

supplied. metering the power As regards the arrangements for automatic 

release these are- of a particularly special nature 


Plant 

Number 
of trans 
formers 

Norma] 

output 

kVA 

Maxi¬ 

mum 

output 

kVA 

Voltage ratio 

System 
of con¬ 
nection 

Apollo Mill. 

1 

1 

1 

3 

1 

' 3 

700 

700 

500 

600 

500 

700 

770 

}l.320 

1,980 

550 

2,310 

22,000/450 V 

22,000/450 V 

22,000/450 V 
22,000/2,200V 

22,000/450 v| 

Y/Y 

£. D. Sassoon Dye f 
Works at Mahim. ^ 

Edward Sassoon Mil]| 

Meyer Sassoon Mill 

Rachel Sassoon Mill| 

Alexandra Mill . 

E. D, Sassoon Mill 
Jacob Sassoon Mill 

2(1 spare) 
1 

2 

• 3 

5 

1,000 

500 

1,000 

1,000 

1,000 

]2,750 

2,200 

3,300 

5,500 

6,600/450 V 

6,600/450 V 
6,600/450 V 
6,600/450 V 

A/Y 







Fig. 2. Diagram of connections for Jacob Sassoon Mill. 


and a full description of them may therefore 
be of considerable interest. The design of a 
system of automatic trips fulfilling the re¬ 
quirements in all particulars was rendered con¬ 
siderably more difficult by the circumstance that 
no supply independent of the power supply 
was available for releasing. The conditions of 
working demanded a particularly sensitive and 
fully selective automatic release system protect¬ 
ing the station equipment from every conceivable 
disturbance. On close investigation it was found 
most suitable to protect the transformers against 
internal breakdown only, as for instance short 
circuits between windings etc. By eliminating 
the two transformer oil switches from the system 
in this way great selectivity in the tripping of 
the oil switches in the remainder of the instal¬ 
lation was obtained. The tripping of the trans¬ 
former oil switches is accordingly done with 
the help of three differentially connected relays 
worked from six current transformers placed on 
opposite sides of the transformer. The three 
relays are adjustable for 2—10 seconds and are 
so arranged that they do not operate under the 
inequality due to the transformer’s no load 
current. The time setting is such that with a 
three phase dead short circuit in a transformer 
the transformer oil switch must trip out before 
the main circuit breaker, so that in such a 
case* the working of the remaining transformers 
is not interfered with. The tripping current is 


obtained from a three-phase potential transformer 
connected on the supply side of the main cir¬ 
cuit breakers. The line oil switch is provided 
with a no-voltage release coil which trips the 
breaker either on. overload or when the line 
voltage for any reason falls below a certain 
value. The current necessary for operating the 
release coil is obtained from the above men¬ 
tioned three-phase potential transformer. On 
overload the current in the release coil is broken 
by three inverse time limit relays operated from 
three current transformers cofanected in the line. 
When tL line voltage sinks below a fixed value 
corresponding to 65 volts on the secondary side 
of the potential transformer the circuit breaker 
is automatically tripped out by the minimum 
current in the release coil. As regards protection 
for all outgoing lines it was found most suitable 
to provide this partly by overload series release 
in two phases and partly hy a differential release 
with separate potential transformers. The tripping 
arrangement thus consists, on each outgoing line, 
of three current transformers, two inverse time 
limit relays, and one differential relay combined 
with a constant time-limit relay. The circuit 
breakers are provided with two release coils, a 
series coil for overload release and a shunt coil 
for the differential release. The outgoing lines 
can, by this arrangement, be protected both 
against overload and against every kind of out 
of balance. As however, in this particular plant. 
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Fig. 3» Front view of 22 kV incoming line panel. 


unsymmetrical releasing must not occur, except 
with relatively high out of balance loads, an 
earth current of 200 and 300 amperes respecti¬ 
vely is permitted before release takes place. In 
accordance with the foregoing both transformer 
switches and outgoing line switch are provided 

^ X 1 *** excited from their respective 
potentiJ transformers and these coils are so 
designed that Aey can trip the switch even if 
on Ae secondary side of the potential 
® normal value of 110 

volts to 60 volts. As explained before, however 
Ae incoming line circuit breaker is tripped ou^ 

Bv*^L xl?’ volts, 

that “b°ve method it has been made certain 
hat the protective system will operate in a 
satisfactory manner, even under the most un¬ 
favourable conditions. “ 



1. Robust construction. 

2. Simple arrangement of connections. 

3. Easily accessible apparatus. 

4. Highest possible degree of protection. 

5. An arrangement of good engineering? appear¬ 

ance in all respects. 

All the switchgear is erected on self-support¬ 
ing angle iron frames of a strong and simple 
type and all the details have been arranged 
with the above in view. 

High tension equipment. 

All the high tension equipment, including 
transformers, has been housed in a special high 
tension chamber in all transformer sub-stations. 
As a rule the arrangement is such that the high 
tension switchgear is placed against one of the 
longer walls of the room, while the transformers 
are erected against the opposite wall. The in¬ 
coming line conductors are carried on wall in¬ 
sulators down to the line disconnecting links. 
For the 22 kV sub-stations these conductors are 
of 10 mm bare copper rod, while for the 6.^ kV 
substations they consist of bare copper bars. 
Figs. 3 and 4 show the general arrangement of 
such switchgear. The frame-work is made entirely 
self-supporting and consists of two divisions, a 



4, View of 6.11 kV incoming line lunel. 
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Fig. 5. Front view of feeder and transformer switchgear for 6.n kV. 


larger and a smaller of which the 
last contains the potential trans¬ 
former with the protecting resist¬ 
ance and fuses belonging to it, 
while the larger division carries 
the remainder of*the incoming line 
switchgear. All operation is done 
from the front. The oil switch 
handle and the three relays have 
been mounted upon a front panel 
of 3 mm sheet steel fixed to the 
frame-work with 4 screws. The 
disconnecting links are protected 
by wire mesh doors, whose locking 
devices can only be opened from 
the ground by the help of the 
insulated operating rod used for 
the disconnecting links themselves. 

The doors are also so placed that 
even when they are open it is not 
possible to come into contact acci¬ 
dentally with any of the current 
carrying parts. The lower part of 
the frame work is protected by a removable 
wire mesh panel, which is carried down to 
within 5 mm of the floor level. The part 
carrying the potential transformer is protected 
in front by sheet iron which extends to the 
full hight of the frame work. Access to the 
gear is provided by wire mesh doors with locks 
at the opposite sides. 

From the current transformers in the incoming 
line switch section conductors are carried up to 
the high tension busbar system. The transformer 
switch sections are erected alongside the incoming 
line switch with gangways between each, and 


the busbars are carried over these on strong 
supporting insulators, fixed to the top cross 
bars of the frame work of each division. The 
arrangement is generally in accordance with 
figs. 5 and 6. These sections are generally ar¬ 
ranged in the same way as the incoming line 
switch section with the exeption that the division 
for the potential transformer is not included. 

From the transformer sections conductors are 
carried to the respective transformers. The con-, 
ductors are carried up the wall and then under 
the roof on supporting insulators which are 
carried by special iron members, the arrangement 
of which is in accordance with 
figs. 7 and 8. The arrangement 
has the advantage that holes need 
not be drilled for the insulator 
bolts, but the insulators, when 
the conductors are being erected, 
can be slid along the supporting 
iron members and no subsequent 
adjustment of insulators or con¬ 
ductors is accordingly necessary. 

From the roof the conductors are 
led down direct to the high ten¬ 
sion terminals of the transformers. 

Low Tension Switchgear. 

The low tension switchgear is 
erected in a separate low tension 
switch-house located at the back 
of the transformer wall. From the 
low tension terminals of the trans¬ 
formers conductors are taken 
through the above mentioned wall 



Fig. 6. Rear view fif 22 kV switchgear. 
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direct to the transformer sections of the low 
tension switchgear. The arrangement is such that 
these conductors run in straight lines in all the 
sub-stations. The transformer panels and outgoing 
line panels are erected together on a self- 
support-ng framework, the general appearance 
ot w^ch IS in accordance with figs. 9 and 10. 
^1 me sections are divided from one another 
by 2.5 mm sheet steel partitions which afford 
extremely good protection against accidental 
contact with current carrying parts whenever 
Actions ^ carried out in neighbouring 

The bU switch handles and relays are, as in 
the case of the high tension switchgear, mounted 
upon a panel in front made of 3 mm sheet steel. 

sections are provided with an ammeter which 
« placed on a panel at the top of each cubicle. 
The remainder of the cubicle is protected by 
removable panels of wire mesh, which give good 

inspecting all the apparatus. 
Behind the gear there is a passage 1,010 mm 
bjd allowing both for operating the isolating 
hnks and for the removal of all oil-switches^ 
ihis gangway is only accessible through a wire 
mesh door, which is provided with a lock. In 


the low tension switch-room is erected, in ad- 

n l’ * eontrol panel of sheet iron which carries 
all the instruments necessary for providing a 
good and complete check on the working. This 
panel is, in some stations, combined with the 
low tension switchgear framework and in others 
It IS entirely separate. The busbars for the low 
tension switchgear are carried on insulators 
mounted on the iron cross bars at the top of 
the frames. In the low tension room the flooring 
IS of special sheet steel laid on I section girders 
Under tois floor there is a basement in which 
the boxes for the outgoing lines are 

mounted.. Under the switchgear in this basement 
IS also placed the earth conductor for the station 
to which IS connected both the neutral points 
of the transformers and the lead covering of 
the outgoing cables. The current transformers 
necessary for measuring the earth current are 
also placed here. 

Busbars. 

As regards the busbar system the choice of 
distance between the different groups of con- 
ductprs and the arrangement of these has been 
considered with regard to the mechanical stresses 
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P/on\</eii^ 3o"8o^ 

Fig. 8. Plan showing connections in 22 kV transformer substation. 


arising, heating, skin e£Eect, and the considera¬ 
tions of voltage drop due to induction. 

. Insulators, 

As in the plants under consideration the 
power is obtained from relatively large stations, 
any short circuits occurring may cause very heavy 
mechanical stresses and this has made necessary 
the use of insulators of a particularly strong type. 

Isolating Links, 

On account of the large power to be dealt 
with on short circuit the isolating links are also 
made of a specially strong type. The insulators 
are constructed to withstand great mechanical 
stresses and the blades are provided with an 
extra locking device, so that they are prevented 
from opening if a heavy short circuit takes place. 
The isolating links for the outgoing 450 volt 
circuits are besides provided with earthing con¬ 
tacts for earthing the cables when any inspection 
has to be undertaken. 

Oil Switches, 

In dimensioning the oil switches also, the h^avy 
current to be reckoned with on short circuit is 


a very important factor. The maximum mo¬ 
mentary short circuit power on the 22 kV in¬ 
stallation is reckoned to be 263,000 kVA and 
the corresponding continuous short circuit power 
to be 110,000 kVA. In consideration of the 
above the main switches have to be designed 
for breaking 250,000 kVA. With the same 
degree of safety the corresponding switches for 
the 6.6 kV swithgear have been designed with 
a breaking capacity of 160,000 kVA. The low 
tension switches have a breaking capacity of 
37,000 kVA and the construction is such 
that the necessary factor of safety is obtained 
electrically, mechanically and thermally, even 
with the high current which occurs on dead 
short circuit. All switches are furnished with 
transport wheels and are located in their res¬ 
pective positions by rails set in the floor and 
furnished with stops which definitely determine 
the position of the switch in the cubicle. A 
simple and easily accessible rasing and lowering 
gear for the oil tanks permits rapid inspection 
of all vital parts of the switch. 

With regard to the low tension switches for 
the outgoing 450 volt lines it was found im¬ 
possible to uphold the stipulations of the spe- 






































ASEA-JOURNAL 



Fig. 10. Rear view of 450 volt switchgear. 
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cification re¬ 
garding oil 
temperature if 
conductors 
were carried 
down in the 
usual manner 
past the oil 
tanks to the 
cable boxes, 
on account of 
the induced 
current set up 
under these 
conditions in 
the sides of the 
oil tanks. For 
reducing these 
eddy currents 
to a minimum 
every switch 
has been pro¬ 
vided with a 
special con¬ 
ductor system 
from which 
current is car<5 
ried to the 
cable boxes 
through three 
vulcanised 
cables, one for 
each phase, 

which are held together in suitable racks. The 
arrangement is in accordance with fig. 15. 
Furthermore, the connections to the switches 
are made in such a way as to provide for easy 
and quick dismantling. 


Current and Potential Trans'- 
formers. 

The current transformers are 
compound filled with a special 
compound which has been found 
by experience to satisfy all re¬ 
quirements as regards co-efficient 
of expansion, melting point, and 
permanence of electrical charac¬ 
teristics in a tropical climate. 
The potential transformers are 
of the standard oil cooled type. 




Fig. 11. Rear view of summation panel. 


Relays. 

Xhe relays are of Asea’s 
standard tropical design with 
ventilated covers. 


Instruments, 

All the In¬ 
struments are 
of Englich Ma¬ 
nufacture and 
suitably de¬ 
signed for use 
in the tropics. 

Small Wiring, 

All small 
wiring is car¬ 
ried out in 3 
mm-^ specially 
insulated wire, 
supported in 
porcelain cleats 
in accordance 
with fig. 11. 

In each panel 
circuits are 
ended on ter- 
minalbars whe¬ 
re connections 
can be simply 
and safely 
made. The ar¬ 
rangement is 
furthermore 
such that a test 
can be made 
if necessary on 

all the small wiring without interrupting work, 
and all danger of accidental short circuit be¬ 
tween different terminals is entirely eliminated 
by placing protecting shields between each pair 
of connections. 

All the switchgear was com¬ 
pletely erected in Asea’s work¬ 
shops in Vesteras and tested be¬ 
fore being despatched to its des¬ 
tination. All the various parts 
were carefully marked in the 
usual manner, which in a great 
degree simplified erection on site. 
Further, each switchboard was 
inspected and tested in the 
presence of the representative 
of the consulting engineer be¬ 
fore leaving the shops. All cur^? 
rent carrying parts were pressure 
tested, the 22 kV switchboard 
with 50 kV, the 6.6 kV switch** 
board with 16 kV, and the 450 
volt system and all small wiring 
with 2 kV, all for 5 minutes, 
successfully showing that all 


Fig. 12. Front view of summation panel. 



Fig. 13. Insulator with busbar clamp for 
450 volt system. 


















details of the construction met the specified 
requirements in this respect. 

Each panel is provided with 
ornamental designation plates and 
each switch handle with an autos* 
matic device showing the position 
of the switch, which to a great 
degree simplifies the operation of 
the gear, which will be worked 
for the most part by unskilled 
personnel. 

In order to protect the gear during 
its long journey, the packing was 
carried out with particular care. 
All instrument transformers, release 
coils, as well as instruments, and 



Fig. 16, Current 
transformer 
Type EC. 


5cc//on 6 


Fig. 15. Connection of cables in 450 volt cubicle. 


relays, were packed in oil impregnated fabric so 
that any damage by sea was out of the question. 

The whole order was handled by Asea’s 
representatives in London, which during the 
progress of the work maintained contact be¬ 
tween the customer’s agent and ourselves and 
this was done in a way which in a great degree 
simplified the work of the Head Office. The 
highly satisfactory result obtained is in no small 
degree due to the concise and painstaking work 
put in by the Consulting Engineer. 
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MODERN MOTOR INSTALLATION PRACTICE. 


Anyone who has found interest and time to 
devote to Asea’s price lists will have observed 
that of late years increasing space has been 
taken up by apparatus and machines of totally 
enclosed form, and that a general standardisation 



Fig. 1. Main distribution board made up of switch-cases type SBH. 


of the details runs through all these manufactures. 
These totally enclosed iron-clad constructions 
have been used increasingly year by year and 
their suitability for situations where the danger 
of fire is to be apprehended, or which are damp, 
for outdoor use, or mounting inside workshops 
is undeniable. It was in a very 
early stage of its activities that 
Asea constructed its first enclosed 
iron-clad apparatus, and as the 
original designs were greatly appre¬ 
ciated by many customers, work 
in this direction was continued and 
considerably increased as time went 
on. This development has been 
assisted in no small degree by the 
products which have been intro¬ 
duced by Swedish cable-makers 
during the same period. 

This can be noticed by reading, 
with a little care, between the lines 
in the Asea lists. At the same 
time one can also see, that there 
is no haphazard provision of en¬ 
closures for apparatus, either to 
protect the apparatus itself against 
the surroundings, or to protect 
the surroundings against danger 
arising from the use of electricity, 
but, on the contrary, a definite 
principle of construction, which 
has gradually been brought to 
bear, on the whole system of 
details which go to make up an 
installation. The intention at first 


was to obtain more durable and dependable 
apparatus and the enclosures were designed 
accordingly without any particular regard to the 
external conductors and cables. But is was soon 
found that the external connections stood in 
great need of improvement and this was effected 
by enclosing all wiring in conduit and tubing 
or by using wire-armoured and lead-covered 
cables. To complete this advance in installation 
work Asea added suitable connection fittings to 
suit the improved systems. 

As mentioned above the enclosed installation 
system is described in Asea’s lists and all the 
various details will also be found fully dealt 
with. On account of the arrangement of the 
lists, which is determined by various considera¬ 
tions, the enclosed and iron-clad constructions 
will not be found, however, collected together 
in one place, but must be sought in, different 
sections of the lists. Accordingly, for the sake 
of greater clearness we have collected together 
such enclosed apparatus and machines which, 
when used in conjunction with one another go 
to make up a complete installation, although 
we shall here deal only with standard construc¬ 
tions for low voltage, i. e. up to 500 and 800 
volts, and designed for installing in workshops 



Fig. 2. Main distribution board built up from switch-cases type SBH and distribution boxes 
type GSH at the Swedish State Railway workshops at Orebro. 















Fig. 3. Circuit distribution board type GS at the Sw«Iish State Railway worI«hops at Orebro. 


and those situations where Bre risk must be 
considered, or damp localities. 

In a power and lighting installation in- a large 
mechanical workshop 
or large industrial plant, 
the power distribution 
for lighting, motors, and 
other current using 
apparatus is effected by 
a number of feeders 
which are collected 
together at a main di¬ 
stribution centre where 
over-load protection 
and switches are placed, 
a large works these 
*• ty^‘G““" distributing boards are 
.f . , arranged in groups in 

the various shops and the feeders to them are 
brought to a main distribution 
. In some cases the works possess their 
own generating station, and in this case the 

in this station; 
in other cases 
the works oh- i 
tain their power 
through a fee¬ 
der cable from 
some outside 
power station, 

Fig. 5. Distribution 


or transformer sub-station. In the last case the 
mam distribution board need not be placed in 
a special room, but can 
be erected in any suitable 
place inside the factory, 1 

and may be composed of ,1 

motor switch-cases of type 1 

or instrument cases L ' j 

erected together or as 
separate units. 

These motor or appa- 
ratus switch-cases contain 
oil-immersed circuit break- 
ers and overload protec- ~ 

tion, the last in the form 
of fuses or overload relays 
for the oil switches, am- Hg. 6. Threepok dividing 
meters, voltmeters, and '’'P' 

apparatus required in 
X instruments and switchgear. 

or buih^^ntr “"5® separately mounted 
t groups, and can be supported 

on the wall or 
arranged for 
floor mounting 
as shown in 
figs. 1 and 2. 
In these switch- 
cases can^ be 

^ ^ placed oil 

board type GSB. SWitchcS of 
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Fig, 7. Three-phase motor type MK, 



Fig. 8. Motor switch-casc type SBK. 


type HL for a normal current up to 1,200 amps 
at 800 volts and for a breaking capacity of 
13,500 kVA. These are more fully described in 
list E II. 9. SwitchsJ 
cases of type PFH 
are arranged for 
floor mounting 
and can be fitted, 
with oil switches 
of either type HL 
or HO. Like the ^ 

SBH switchcases 
they occupy a small 
amount of space 
and are designed 
to allow of easy 
access for inspect 
tion, and are pro¬ 
vided with effective 
interlocking arrangements which protect them 
against mistakes in handling. 

From the main distribution 
board cables are run to iron¬ 
clad distribution boards placed 
in suitable positions throughout 
the works, or if there are 
large and heavy motors, then 
direct to these. 

Distribution boards of Asea’s 
design are made in three main 
types; a smaller type GS for 
25 and 60 ampere plug fuses 
respectively and 500 volts as 
a maximum, with busbars for 
200 amperes; a larger type 
GSH for 60, 100, and 200 
ampere replacement fuses and 
800 volts as a maximum, and 
with busbars for a maximum 
normal current of450 amperes; 
and a type known as GSB 
%|-SBOon7S'“i“ consisting of.a busbar system 




for 450 amperes, 800 volts, which 
can be combined with Asea’s 
standard motor switch-cases type 
SBO and SBK for 80, 130, and 
200 amperes.. Figs. 3, 4 and 5 
show these distribution boards 
which are further described in list 
E III. 13. A fourth type of distri#* 
bution board consists of the di -1 
viding box type GKS, see fig. 6, * 
which contains 25 and 60 ampere 
plug fuses for 2—4 outgoing 2 or 
3 phase lines. The ironclad distri¬ 
buting boards can be mounted on 
the wall or erected upon a separate 
framework and the different types 
of distributors can be combined p,g jo ch.n««,ver 

together through simple coupling switch type kks. 
pieces permitting a distributor to 
be made up to suit any desired equipment, 
up to the total current given above. 

Connection of appa¬ 
ratus, lamps, motors etc. 
to the distribution boards 
can be made by vul¬ 
canised cables run in 
steel tubing, or by ar¬ 
moured and lead covered 
cables of which the last- 
named may be recom¬ 
mended as being in ge¬ 
neral the best. As regards 
lighting installations we 
must limit ourselves to mentioning the existence 
of ironclad plugs and sockets, switches etc., of 
Swedish make which are particularly suitable for 
this service. With reference to power installa** 
tions I. e. motors, and other starting apparatus, 
we refer the reader to list E XVI.ia in which 
Asea’s new series of motors, with 
their enclosures, and terminal ar¬ 
rangements, are fully described. 

These motors are provided with 
dustproof covers for the sliprings, 
but the machines can be further 
enclosed, and their windings further I 
protected, by placing different 
covers on the endshields. By 
changing these covers it is possible 
to obtain a drip-proof motor (Form 
E), an enclosure for connecting to 
ventilating ducts (Form P), and a 
completely enclosed motor without 
ventilation (Form Q_). The termi¬ 
nal boxes are arranged to take 
tubing or cable as regards the 
stator, and they are normally ar- 12 . ouimmcrsed 

ranged for screwed tubing on the switch ptcp. 



Fig. 11. Y/D change-over 
switch type KY. 
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Fig. 13. Oil immersed starter 
, type PTK. 


rotor side, while this 
last connection can be 
completed by adding 
a cable-box type LP, 
which is described be- 
low. Fig. 7 shows a 
standard three-phase 
motor with a cable box 
for the stator terminals, 
and with the rotor 
terminal box screwed 
for tubing. 

For starting these 
p motors several different 
kinds of apparatus can 
be used. Squirrel-cage 
motors can be started 
c. by changeover switches 

of type SBK, SBD, KKS, or KY (KYS) or with 
an auto-starter type ATS. The two first named, 
and the auto-starter for 80 amperes and above 
can be embodied in the distribution boards 
themselves, or placed near the motor, on the 
wall, or upon a pedestal, but K type switches 
can only be erected separate from the distribu¬ 
tion board. The starting apparatus referred to 
here is described in list EII. s, and is illustrated 
in figs. 8—11. For starting slipring three-phase 
motors one can either use the oil-cooled starter 
type PTC and PTK, for small and large motors 
respectively, if primary switches of type SBO 
are used on the distributing board (which is 
in this c^e assembled as type GSB); or starter 
type Jrl containing oil-cooled starter and 
pimary switch can be employed if distribution 
boards of type GS and GSH are used; and 
T j switch-case type PSC, model 

1 and II, containing primary switch, overload 

protection, and 
oil-cooled starter 
can be employed 
in either of the 
cases referred to 
above, and this 
may certainly be 
considered ne¬ 
cessary if more 
than one motor 
is run from the 
same fuses on 
the distribution 
board. Gil‘ im¬ 
mersed starter 
typePTC,PTCP 
and PTK • will 
be found in list 
Eli, 3 A and the 
starter switch- 



case PSC in list E II. 10 . 

They are illustrated 
here in figs. 12—15. 

If portable motors or 
other apparatus are used 
they can be coupled 
up to the installation 
by plug contacts of ® 

type KP and KPA, see 
list E III. 12 and figs. 16 
and 17, and if for these or other 
purposes separate fuses and switches 
are required, then the iron-clad 
types KS and KA respectively are 
suitable, which are constructed for poie piug-bc^ 
25 and 60 amperes. See list E III. i 2 a Ipe kpaI" 
and figs. 18—20. 

Above we have referred exclusively to an 
installation in a large factory. It will be clear 
however that smaller installations can ht carried 
out with ironclad apparatus as described, and 
from the large plant which requires a main 
distribution board and a number of smaller 





Fig. 18. Three-pole fuse-box 
type KS with divided 
cable end-box. 


fiise box type ! 



Fig. 14. Starting 
switch-case 
type PSC, 
model 1. 


Fig. 15. Starting switch- 
case type PSC, 
model n. 


circuit distribution boards, down to the very 
small installation with only a few circuits it will 
be found that any size can be equipped through¬ 
out on the same system. The chief advantages 
have been touched on above and include 
practically unlimited life even under unfavour¬ 
able installation coditions, perfect protection for 
the electric conductors and apparatus against all 
mechanical and chemical damage, 
as well as protection against shock 
to men and animals, and, from 
the point of view of fire risk, 
against all danger due to the use 
of electricity. It is inevitable that 
an installation of this nature should 
be somewhat more expensive than 
one carried out with ordinary 
installation material, unless the ~ 
small amount of space required Three- 

by Ae distribution boards is taken ’’kA ffinT 
into account, tyut on the other 
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Fig. 22. Divided end- 
box type LR. 


Fig. 21. Three-pole fuse-box type KSH. 


hand it has been clearly proved by experience 
and theoretical considerations that the increased 
amount laid . out on the better installation is 
very well utilised. - 

By way of a conclusion to the' above we 
may draw’ attention' to the complete series' of 
cable boxes for indoor installation and placing' 
direct in the ground. This series consists partly 
of end boxes and partly of dividing and branch 
boxes for cables to 400 mm^ and voltages up 
to 11,000 volts. They are further described in 
list E IV. 14 and are illustrated in figs. 22 and 23. 
Dividing and branch boxes are of great use 
throughout a cable network, and for ending 
cables inside houses etc., the iron-clad fuse box 
type KS can be used as a service box. 

• Apparatus of this kind is made 1, 2 and 3- 
^ole neutral leadj for 25 and 60 amperes, 
4nd can be supplied with divided or undivided 
cable boxes.' ior incoming cables. Outgoing 
lines are usually arranged for steel conduit, but 
c-an also be furnished with cable boxes of type 
ip. For. higher currents the 3-pole ironclad fuse- 
iox type KSH is suit- m 

able, and this is made I 

in three sizes for 60, 

100 and 200 amperes, 
with replacement fuses 


and fireproof shields 
fig. 21, They can be 
provided with cable 
boxes for incoming and 
outgoing lines but are 
also suitable for con¬ 
duit fittings. A small 
detail of special interest 
is also the cable box 
type LP which is used 
almost universally on 
currents up to 100 




a 


Fig. 25. Cable end-box 
type LP fitted to 
switch type KA. 



Fig. 24. .Cable end-box type LP 
combined with dividing box 
type GKS, 


smaller 

amperes. 


apparatus for 
This box is 


divided and can be mounted in all positions to 
suit cable entering from above, from below, or 
from one side. By using a small collar they can 
be fitted to holes threaded for screwed tubing, 
28.3 mm diameter and above, and can conse¬ 
quently be used on all Asea’s smaller iron-clad 
apparatus. This method of fitting also permits 
LP cable boxes to be used on old installations 
where Asea*s apparatus has been fitted. They 
are shown applied in different positions in 
figs. 24-27. 

Our review of modern installation practice has 
been fairly lengthy, but at the same time space 
has of necessity been curtailed as far as possible. 
We have accordingly only given a short descrip¬ 
tion of the system as a whole, and referred to 
Asea’s motor and apparatus lists for fuller 
descriptions of the various details employed. 

^ It is hoped, that this 

■ sketch will be of use as 

a guide to those who are 
in any yray concerned 
withpower installations. 



Fig, 26, Starter switch-case 
type PSC with eable- 
^boxes type LP. 


Fig. 27. Plug-box type 
KPA with cable- 
* box type LP, 
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ASEA SYNCHRONOUS MOTORS. 


The struggle after economy, which has been 
taking place for many years now, in all branches 
of industrial work has manifested itself, in the 
domain of electrical power distribution, by the 
increased attention given to the power factor in 
alternating current systems. The considerable 
saving which can be effected in various direc¬ 
tions by an improvement in power factor, so 
small as to appear almost negligable, has led 
not only to the consideration of improving 
the power factor on systems, by those themselves 
reponsible for the distribution schemes, but also 



Fig, 1. Old synchronous machine with revolving armature. 

to the introduction of charges for power which 
make it an advantage to the actual consumer to 
improve the power factor on his own installa¬ 
tion, and consequently improve the power factor 
on the whole net-work. Among the different 
means which are available for this purpose, 
the synchronous motor can be looked upon a$ 
one of the oldest and most important. 

Although the synchronous motor is as old as 
the synchronous generator, since practically any 
synchronous machine can be used equally well 
either as a motor or as a generator, it has not been 
used to anything like the same extent on account 
of the popularity of the induction motor, and 
this applies not only to Sweden but to most 
places except perhaps North America, where 
conditions are quite different. 

Synchronous motors are made in general of 
two kinds, the usual synchronous motor (with 
salient pole rotor) is practically the same as an 
ordinary synchronous generator, while the auto- 
synchronous motor in its construction resembles 
an induction motor, although like the first, it 
is supplied with DC excitation, from an exciter 
or some other external source. In the present 
article it is proposed only to deal with the first 
mentioned type. During the years prior to the 


war many ordinary synchronous motors were 
installed in Sweden, but their number scarcely 
represented 1 % of the total number of AC 
motors. This result has been contributed to by 
the success which has attended*the introduction 
of the autosynchronous motor. During the last 
few years also, the conditions have not been 
altered in any great degree, although, at the 
same time, there is a marked tendency to displace 
the autosynchronous motor with the synchronous 
motor where the conditions are found suitable. 

In spite of the above, Asea has had the 
opportunity of building large numbers of syn¬ 
chronous motors both for Sweden and abroad. 
These synchronous motors have now, as in 
earlier times, the same dimensions and general 
particulars as synchronous generators of the same 
size and only depart from these in small con¬ 
structional details. The first synchronous motors 
built by Asea were, like the generators, con¬ 
structed with stationary fields and revolving 
armatures. When the generator construction was 
gradually altered, so that the armature became 
fixed and the magnet field was made rotating, 
the motors also were built in the same way. 
The general appearance was the same for 
both types of machine as the same patterns 
were used at all times. At the present time 
synchronous motors are built generally of two 
types; those in the smaller sizes up to a maximum 
of 750 kVA at speeds from 250 to 1,500 r.p.m. 
at 50 cycles, all of standard open type and 
provided with end shield bearings; and larger 
machines up to a maximum of 7,500 kVA at 
speeds from 94 to 750 r.p.m. at 50 cycles, which 
are also, in general, of open type but furnished 
with pedestal bearings. The machines can be 
arranged in many different ways, having regard 
to the service on which they are to be used. 



Fig. 2. Old ^yi^hronous machine with revolving field. 
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Fig. 3. 1,000 h.p. synchronous motor with starting motor, built in 1904,. 


Asea synchronous motors are 
always furnished with frames of 
cast iron in which a core built 
up of paper insulated sheet iron 
stampings is firmly held between 
press-flanges. Xhe stator winding 
is carried out in slots which are in 
general semi-closed and for low 
voltages the bar winding is adopted, 
while for the higher voltages coil 
winding is used and, in threephase 
machines, is usually divided into 
two planes. Only the best insulat¬ 
ing material is used and for pres¬ 
sures above 2,000 volts the winding 
is always insulated from the iron 
by seamless micanite tubes. 

The rotating magnet field is, 
for the small machines, with end 
shield bearings, usually of cast 
steel with the poles and magnet 
ring all in one piece. The pedestal 
bearing machines have rotors with various con¬ 
structions, for the smaller types cast in steel in 
one piece, and for larger types with pole cores 
of wrought iron, or cast steel, fixed to a magnet 
wheel of cast iron or steel. The field winding 
is in general, for the small types, carried out 



Fig. 4. Fully wound statoi? for a small modern .synchronous motor, 

with impregnated cotton covered wire of circular 
section, whilst the larger machines are provided 
with coils of copper strip wound on edge and 
insulated between turns with paper and shellac 
varnish. The field coils are held on the pole 
cores by massive pole shoes, which for small 
machines are of cast iron firmly held on with 
screws and for large machines are of cast steel. 

Although for synchronous motors designed 
to run at no-load the mechanical details could 
very well be made much lighter than for ge¬ 
nerators or motors which are constructed for a 
large mechanical output, the synchronous motors 


supplied by Asea always have the same dimen¬ 
sions as the corresponding generator types. The 
shafts accordingly are of the same diameter, and 
are carried in bearings of standard oil ring 
pattern, which, in the case of large machines, 
are sometimes modified by the provision of an 
arrangement for forced lubrication during starting, 
in order to make starting easier. 

The sliprings, brushes and brush-holders are 
amply dimensioned and are similar to the types 
used on corresponding generators. The stator 
winding in the case of large motors is in general 
brought out to the same number of terminals and 
arranged in the same way as for corresponding 
generators, the smaller motors for low voltages 
usually have their starting apparatus mounted 
direct upon their frames, and the terminals and 
arrangement of the winding accordingly varies 
somewhat from standard generator practice. 

A synchronous motor is arranged in general for 
excitation from a DC supply produced at the ma¬ 
chine itself, preferably from a direct connected 
exciter. In Asea 
synchronous mo¬ 
tors this exciter 
has its armature 
mounted on an ex¬ 
tension of the mo¬ 
tor shaft, so that 
no additional bear¬ 
ings are requir¬ 
ed, and the field 
magnet of the 
exciter is either 

supported ^ p. ^ wound rotor for a small modern 

bracket on the end synchronous motor. 
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Fig. 6. 540 kVA self-starting synchronous motor with chain-driven 
transmission shaft. 

shield or upon a special pedestal on the bed¬ 
plate or on the sole-plate which carries the 
outer machine bearing. 

Like other motors those of the synchronous type 
require certain auxiliary apparatus for starting. 
The smaller types are made self 


disconnected. It has been mentioned earlier how 
much the use of the ordinary synchronous motor 
has been retarded by the induction motor and auto- 
synchronous motor. This has chiefly been due to 
the bad starting characteristics which are obtained. 
An autosynchronous or induction motor can, with 
the help of simple arrangements, be started direct 
from the supply from which it will be run and 
against full load without any particular difficulty. 
This could not be done with the earlier syn¬ 
chronous motors. Not only was it out of the 
question to start the machine against any load, 
but the actual starting and connection to the 
power supply, was a particularly difficult opera¬ 
tion demanding both skill and practice, the 
difficulties being greater the less complete the 
equipment of instruments and apparatus. 

At the present time this drawback has been 
considerably reduced. For one thing the modern 
synchronous motors built by Asea can be started 
against load, although not exceeding more than 
a small percentage of the full load value for 
ordinary machines, whilst at the same time the 
necessary apparatus for synchronising has been 
entirely obviated in cases where motors are made 
self starting and connection to the supply has 
been simplified in a corresponding degree. In 
cases where synchronising is still necessary, the 
arrangements provided are practically automatic, 
and so perfect that starting up a synchronous 
motor has become child’s play in comparison 
with the troublesome and time wasting operations 
which formally had to be carried out. 

Asea’s self starting synchronous motors are 
in general arranged either for starting by the 
so called series-parallel system or with reduced 


starting and have a starting change 
over switch either carried direct 
on the machine or arranged for 
separate mounting, while the larger 
types have a separate starting 
change-over switch, if one is used, 
or, in other cases, an auto-starter 
which is also provided for the 
smaller types where the working 
voltage is high. Synchronous ma¬ 
chines can also be run up to speed 
by a special starting motor which 
is usually an ordinary induction 
motor wound for the next higher 
speed to that of the main motor. 
When the synchronous motor has 
been started, the starting motor can 
be allowed to run disconnected from, 
the supply, or alternatively a coup¬ 
ling can be provided on the shaft, 
so that the machine can be entirely 
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Fig. 8. Modern selF-stnrting smcnll synchronous motor with exciter and self¬ 
apparatus. 

voltage. The former system derives its name 
from the fact that the stator winding of the 
motor is carried out in two parallel circuits per 
phase, which are connected in series at starting 
and, after synchronism is reached, are connected 
in parallel for running. The second system works 
with the help of an auto-transformer starter by 
which the motor is connected to a suitably reduced 
voltage for starting and changed over to full 
voltage when it has reached full speed. The 
series-parallel system can be compared with the 
ordinary Y/D starting of squirrel cage motors 
and this can in fact also be used for making 
synchronous motors self starting, the effect 
being practically only to reduce the voltage at 
the motor to about half the supply voltage 
by doubling the normal voltage of the ma¬ 
chine. As for practical reasons it is not easy to 
arrange a motor with series parallel connection 
for more than one arrangement of con¬ 
nections, the starting characteristics of 
the motor are fixed when the machine 
is designed and cannot be altered after¬ 
wards to any considerable degree. The 
use of an auto-starter permits greater 
flexibility of starting characteristics and 
also allows these to be adjusted when 
the machine is finished if this should 
be found necessary. This greater flexi¬ 
bility makes the equipment rather more 
expensive than a machine furnished on 
the series parallel starting system. 

With both methods of starting the 
motor behaves like an ordinary in¬ 
duction motor, starting by itself, and 
accelerating up to full speed, after ^ 
which it is switched on to full voltage -^1 
and the fields excited. The machine 
then runs in synchronism and is ready Fig. 9. 


to take up full load. All the apparatus 
necessary for starting is arranged and 
connected up so that the whole 
starting operation can be done with 
the help of a couple of handles, and 
the machine started by any inexpe¬ 
rienced person. When using the series 
parallel starting system the motor can 
be run up against a load correspond¬ 
ing to about 15 ^ of the normal, 
and then takes about normal full 
load current at starting, (if a heavier 
current can be allowed the starting 
torque may be increased), and when 
switching over to the normal full volt¬ 
age there is a current rush of about the 
. - j same amount. The power factor at start 
IS about 0.3. When using an auto¬ 
starter about the same power factor is 
obtained, but the starting current etc. can, as 
stated above, be adjusted so that this starting 
method should be used when the series-parallel 
starting system does not permit of a sufficiently 
high starting torque, or else gives rise to a starting 
current which is too high. The auto-starter must 
further be used in all cases where the supply 
voltage is so high that series-parallel connection 
is unsuitable from the point of view of the 
design of the motor. 

Starting with the help of a special starting 
motor is, of course, one of the oldest and best 
known methods, and in starting in this way the 
first operation depends entirely on what kind 
of starting motor is employed, and the charac¬ 
teristics of the start are derived entirely from 
this machine. The second operation, when the 
machine is up to speed, involves the ordinary 
procedure adopted in paralleling two gene- 


obtained, 



1,500 kVA self-starting synchronous motor with direct-connected exciter. 
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Fig. 10. Number of years required for amortisation of a synchronous 
motor designed for raising the power factor from the values given on 
the curves to 0.8. Present day machine prices are assumed and a price 
for reactive current of O.isd per rkWh, further that the machine is used 
1,000 hours per year and with interest at 6%. 

rators. Other methods also exist for starting 
synchronous motors but may be passed over here. 

After the synchronous motor has been con¬ 
nected to the supply it continues to run, as long 
as the supply- frequency remains constant, at a 
constant speed which is independent of the load. 
If the motor is overloaded its speed accordingly 
does not drop but is maintained at the normal 
value until an overload of such magnitude arises 
that the motor falls out of step and immediately 
pulls up. This effect is obtained at an overload 
the magnitude of which depends on the design 
of the motor. Asea motors, other then those 
which are built exclusively for use as synchro¬ 
nous condensers, can be momentarily overloaded 
from 100—150 ^ without falling out of step. 

At the commencement the use of the syn¬ 
chronous motor for improving power factor was 
referred to. This depends on the ability of the 
synchronous motor to give, by varying the 
magnetisation, such a relation of its armature 
current to the supply voltage that it is possible 
to obtain any required phase displacement re¬ 
lative to the supply, positive or negative, de¬ 
pending on the size of the machine. When 
running over-excited the machine acts as a 
capacity load, and when under-excited, as an 
inductive load. As in general the load on any 
power network is inductive, i. e. has a positive 
phase displacement, the synchronous , motor is 
practically always required to run over-exited. 


I. e. with negative phase displacement, and thus 
neutralise the inductive load and so give a 
value to the overall power factor wich permits 
economical working. 

There are two alternatives to choose from. 
One may either instal an electrically loaded but 
mechanically unloaded synchronous motor, ge¬ 
nerally known as a synchronous condenser (also 
called phase advancer’*'), or use can be made of 
a synchronous motor which is both electrically 
and mechanically loaded. In the former case 
no alteration whatever is made in the general 
equipment of the plant, but a synchronous 
condenser is simply erected at some suitable 
place on the network to supply the necessary 
reactive energy to obtain the required value of 
the power factor. In the latter case it is possible, 
for example, to exchange an already existing 
induction motor for a synchronous motor so 
designed that it can give the same mechanical 
output as the induction motor, and at the same 
time supply the necessary reactive energy. Of 
these two alternatives the second is in general 
the best, having regard only to the size of the 
synchronous machine required, as the properties 
of the synchronous motor are in this case better 
utilised. For the same outlay as the provision 
of a synchronous condenser would necessitate, 
it is possible to instal a motor which will give 
the same improvement in the overall power 
factor of the network, and at the same time 
supply a certain amount of mechanical power. 
Which method is the most economical must be 
investigated in each particular case, and this can be 
done as far as the synchronous machine is con¬ 
cerned by making a few simple calculations, 
examples of which are given in our price lists 
covering these machines. As there are so many 
possibilities to be considered, it is very difficult 
to put forward any rule which is capable of 
general application. 

At this point we come to the question of the 
advantages obtained by the installation of a 
synchronous motor. The first thing to be con¬ 
sidered from the point of view of the purchaser 
is the reduction to be effected in the power bill. 

In fig. 10 is illustrated an example showing 
how many years are required by a synchronous 
condenser to pay for itself, with the price of 
electrical machinery ruling at the present time, 
and with a charge for reactive power of 0.15 
pence per rkWh^*), The improvement is esti¬ 
mated to be effected during a running time of 
1,000 hours per year and the rate of interest is 
taken as 6 The output of the motor is so 

*) The name phase advancer is more usually applied to a sepondary 
machine running in conjunction with an induction motor for improving 
the overall power factor. 

•*) Rekilowatt hour or kWh of reactive energy. 
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Fig. 11. Frequency-changer consisting of a starting motor, synchronous motor, synchronous generator, and DC generator. 


calculated that the overall power factor is raised 
to 0.8. Thus the lower curve in the figure shows 
that for a 500 kW installation with an original 
power factor of 0.5 a synchronous condenser which 
raises the power factor to 0.8 pays for itself 
within 1.6 years of its installation. Further com¬ 
ment is unnecessary. If the motor is in use for 
a greater or less time than 1,000 hours in each 
year, the time given will be altered in the same 
proportion. The above, however, does not re¬ 
present the total gain. There is a long list of 
possible improvements throughout an electrical 
installation commencing with a better utilisation 
of the primary power at command, no matter in 
what form it is supplied to the generator for 
conversion into electrical energy, and ending at 
the premises of the consumer where, for example, 
the light is more steady etc., all of which are 
obtained by the help of the synchronous motor. 
The advantages obtained by the installation of 
a synchronous motor or condenser are accordingly 
not only derived by those who are for some 
reason or other obliged to purchase the machine. 
AC installations which have a power factor 
higher than 0.8 are certainly not to be reckoned in 
large numbers, and for all those possessing lower 
values the question of the purchase of a synchro¬ 
nous motor is so important that it should be con¬ 
sidered whenever extensions are under discussion. 

As we mentioned above, the synchronous 
motor is most usefully employed if it can at the 
same time supply both active and reactive power. 
As the starting of synchronous motors has now 
beeij so simplified and improved, these machi¬ 
nes ^can be considered in many more cases they 
could previpusly. The smaller and medium sized 


motors can accordingly be used with advantage 
in all cases where starting can be done against 
a small proportion of full load torque, as for 
example in motor generator sets, and for driving 
all machines which can be started with the help 
of fast and loose pulleys, friction clutches, or 
magnetic couplings, so that the load can be taken 
up after the machine is running in synchronism. 
The motor can always be made self-starting by 
one of the methods refferred to without giving 
rise to any difficulties whatever, so that the 
condition which was often formerly applied to 
synchronous motors, *’that they should not re¬ 
quire to be started frequently", no longer applies. 

For larger synchronous motors, when machines 
for one or two thousand kVA and above are 
in question, the conditions are somewhat different. 
If the power supply system is so large that the 
considerable amount of power, at low power 
factor, required for starting, can be obtained with¬ 
out causing other difficulties, the self-starting 
method can be used here also. In other cases 
starting must be effected by a special starting 
motor before the machine is loaded. Here the con¬ 
ditions are in principle the same as they were for¬ 
merly and no great increase in use can be expected 
as it may be for small and medium-sized motors. 

This article shows, however, that the construc¬ 
tion and characteristics of synchronous motors 
have been very considerably improved in many 
respects, and that these machines are ,now of 
very considerable service in industrial work. In 
all cases where a choice is possible between 
different kinds of motors, it is accordingly de¬ 
sirable to determine in the first place if the use 
of a synchronous motor is permissable. 
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HEATING OF OIL INSULATED TRANSFORMERS. 


In air insulated transformers the transference 
of the heat caused by losses to the cooling 
medium, the air, takes place practically direct and 
the amounts of heat generated in the core and 
in the windings respectively do not greatly in¬ 
fluence one another. The load that can be carried 
by an air insulated transformer especially as 
regards a fluctuating load — is accordingly chiefly 
dependent on the heat capacity of the copper 
and insulation in the windings and on the cooling 
properties of the air. The temperature in the 
windings accordingly follows variations in the 
load relatively quickly and the overload capacity 
of such transformers is very small. 

In an oil insulated transformer these charac¬ 
teristics are quite different on account of the 
fact that the heat generated is transferred to the 
cooling medium (air or cooling water) through 
the oil. The temperature rise in the oil is dependent 
on the total losses in the transformer, and thus 
the total temperature rises in the windings and 
in the core above the temperature of the cool¬ 
ing medium exercise an effect upon each other. 
The load capacity of an oil insulated transfor¬ 
mer — especially with regard to varying loads — 
depends accordingly upon how the losses in 
the core and windings compare with one another 
and upon how the temperature rise in the oil 
compares .with the temperature rise in the wind¬ 
ings above the mean temperature of the oil. It 
is well known that the overload capacity of an 
oil insulated transformer is considerably greater 
than that of an air insulated transformer on 
account of the relatively much greater heat ca¬ 
pacity of the oil, and this also depends, as will 
be shown in the following, upon the relations 
mentioned above between the losses in the core 
and windings and between the different tem¬ 
perature rises. The determination of the overload 
capacity of an oil insulated transformer entirely 
from the temperature rise observed in the oil, 
which is done in many cases, is accordingly 
dangerous to the transformer, and we intend to 
show how unsatisfactory such a method can be. 

In order to judge the temperature conditions 
in a transformer subjected to variable load, 
we determine the temperature relations in, for 
example, a water-cooled transformer with con¬ 
tinuous full load and constant temperature of 
the cooling medium and derive from this the 
characteristics for other loads. 'We refer to figure 
1 which shows a section of the active parts of 
a water-cooled core type transformer and indi¬ 
cates the chief directions along which the oil 
circulates when the transformer is loaded. The 
heat generated in the core and windings warms 


up the surrounding oil and is slowly conducted 
away by the cooling coils in the upper part of 
the transformer, where the oil comes in contact 
with the cooling tubes, and §ives up its heat 
to the cooling water, is cooled, and sinks down 
the sides to the bottom of the tank. With con¬ 
tinuous full load the maximum and mean tem¬ 
perature rise of the cooling medium above the 
incoming temperature, on the assumption that a 
constant quantity of the cooling medium passes 
per unit time, is proportional to the transformer’s 
total losses. This is also the case with the maxi¬ 
mum and mean temperature rise of the oil above 
the mean temperature of the cooling medium. 

In order that the heat generated in the core 
and windings can be transferred to the oil, 
these parts must be at a certain temperature 
above that of the surrounding oil. The dimen¬ 
sions of these parts being considerably smaller 
in the radial than in the axial direction, the 
transfer of heat from the respective parts to the 
oil takes place chiefly radially, and it follows 
that, for all practical purposes, the same mean 
temperature difference exists, between the oil 
and the surface of the heat radiating parts, in 
the lower, as well as in the upper sections, of 
these parts. In these active parts themselves, 
there exists a certain definite temperature dif¬ 
ference between the surface and the inner sec¬ 
tions depending on the heat conductivity of the 
iron, the copper, and the insulating material in 
use. These two temperature rises above the 
surrounding oil can be taken to be proportional 
to the total losses in the respective parts, that 
is to say, proportional to the iron loss in the 
core and to the copper loss in the windings. 

Assuming the line voltage constant, the iron 
losses are practically constant, in spite of varying 
load, and accordingly the temperature of the 
iron core above that of the surrounding oil 
remains practically constant. The highest tem¬ 
perature reached by the core with variable load 
and with different temperatures of the incoming 
cooling medium, is thus only dependent upon 
the mean temperature of the surrounding oil., 
If the transformer is run with such a load that 
the maximum temperature of the oil does not 
exceed the highest allowable with the highest 
allowable temperature of the incoming cooling 
medium, then if the temperature of the incoming 
cooling medium is actually lower than the highest 
which can be permitted, the mean temperature 
of the oil, and accordingly of the maximum 
temperature of the core is somewhat lower than 
that which would be obtained with con'Stant 
normal full load^ and highest permissible tempe- 
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rature of the in¬ 
coming cooling 
medium. As, how¬ 
ever, the tem¬ 
perature rise of 
the oil above that 
of the incoming 
cooling medium 
must then be 
greater than nor¬ 
mal, the trans¬ 
former losses are 
also greater than 
normal, i. e. the trans¬ 
former is overloaded. 
As long as the maxi¬ 
mum temperature of the 
oil does not exceed the 
highest permissible va¬ 
lue, it follows that, on 
overload, the tempera¬ 
ture in the core is not 
higher thannormal.This 
holds good also for 
overloads of short du¬ 
ration, as long as the 
maximum oil tempera¬ 
ture is kept within the 
permissible value. In 
studying the overload 
capacity of a transformer we must accordingly 
disregard the temperature effects in the core. 

In the windings the temperature effects are 
altogether different. As previously mentioned, 
the temperature above that of the surrounding 
oil is in this case directly proportional to the 
loss in the windings, and accordingly the mean 
temperature increase of the windings (measured 
by resistance) above the mean temperature of 
the oil, as well as the maximum temperature 
increase in the windings (the ’’hot spot” tem¬ 
perature) is proportional to the square of the 
load. The mean temperature of the windings is 
accordingly compounded of one temperature 
increase proportional to the square of the load, 
one proportional to the total losses of the trans¬ 
former, and one temperature depending on the 
incoming temperature of the cooling medium. 
The transformer is normally calculated so that 
the mean temperature in the windings with 
continuous full load and with the highest an¬ 
ticipated temperature of the incoming cooling 
medium does not exceed the highest temperature 
permissible for the windings. If now the tempera¬ 
ture of the cooling medium does not go up to the 
predetermined maximum value, it is obvious that 
the ^transformer can to a certain extent be conti¬ 
nuously overloaded without tlje temperature in 


the windings exceeding the highest allowable. If, 
however, this overloading is applied when only 
taking note that the maximum temperature in the 
oil, as read on the thermometer of the transformer, 
does not exceed the highest permissible value, then 
the temperature in the windings may very greatly 
exceed the highest allowable value. The mean 
temperature of the oil by this method is cer¬ 
tainly somewhat lower — although very slightly 
— but instead the temperature difference between 
the winding and the oil is increased propor¬ 
tionately to the square of the load, z. e. the sum 
of the temperature of the cooling medium and 
the mean temperature increase, of this and of 
the oil, and the mean temperature rise of the 
windings, exceeds the highest allowable tempe¬ 
rature for the windings. How much the tempe¬ 
rature of the windings exceeds the permissible 
value is of course dependent on the magnitude 
of the various temperature rises. 

In the foregoing we have the whole time been 
considering the temperature characteristics under 
continuous loads. With varying loads the tempe¬ 
rature characteristics are quite different, on account 
of the different heat capacity and thermal conduc¬ 
tivity of the oil and windings. While the heat is 
being transferred by the oil, chiefly by the slow 
movement of the oil itself, transfer of heat in the 
windings takes place on account of the good 
conductivity of the copper. The temperature 
difference between the winding and the oil 
accordingly alters very quickly, when an alteration 
in load takes place, as compared with the value 
corresponding to the altered losses, while the 
oil temperature lags behind considerably. When 
the load variations are not great, it can be 
assumed that the difference in temperature bet¬ 
ween winding and oil is established at a defi¬ 
nite value in five or ten minutes or an even 
shorter time, while the time for the oil to rise 
in temperature to a stationary value must be 
reckoned in hours. What this means if the 
transformer is operated from observation of the 
maximum temperature in the oil without regard 
to the actual load is quite plain without further 
explanation. Long before the oil has reached the 
permitted maximum value the temperature of the 
windings will have exceeded the maximum allow¬ 
able value, and if such overloads occur often, or are 
very heavy, the winding will soon be damaged, 
and the insulation burnt, so that breakdown 
between turns, and short circuit, will soon arise. 

In order to illustrate the questions dealt with 
above we investigate below the mathematical 
connection between the temperature in the oil 
and the windings in a transformer with two 
different continuous loads, and calculate an 
example from this. We assume the following; 
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Load in kVA .. Pi (normal load) P., 


Iron losses in watts. Ppe 

Ppe 

Copper losses in watts Pcm 

Pcu 2 

Temperature of entering 
cooling medium . Tki 

Tk-> 

The mean temperature 
rise of cooling me- 
dium in °C .. tki 

thz 

The maximum tempera- 
rature of the oil in °C Toi 

•jrl 

1 02 

The maximum tempera¬ 
ture rise of the oil above 
the mean temperature 
of the cooling medi- 
um in C. #01 

r 02 

The mean temperature ri¬ 
se of the oil above the 
mean temperature of the 
cooling medium in °C #oi 

fo2 

The mean temperature 
of the winding in °C Joii 

rc„2 

The mean temperature 
rise of the windings 
above the mean tem¬ 
perature of the oil in°C #cuj 

#Ctt2 

1 1. 


All the above hold good for continuous loading. 
Putting Pf> + Pcu 2 ~ (1 "b ^^) (Pfe "b Pcn)’ 
we obtain from the above: 


#*2 = (1 + A) tkl, foi = (1+ ^Olt t'ooMi+fc) i Olf 

tcii2= p^“ -- • ^Cm 
iCul 

Now. 

Pol =Piii + ^*1 + t’oi and Pcui = Tkl + fki+foi + ^Cut 
To 2 = Pfe + fte + #'o 2 = Pol + Tkr-Tki + A(fii+f'oi) 
Pcuo = Pi2 + + ^02 + ^Cu2 = Pciil + Tl2—Tki+k(^tkl + 

+ ^oi) + [ -1 ^ tCi 


. Pc„l ‘ / 

If the transformer is worked so that the 
maximum temperature in the oil is the same 
with both loads, then accordingly, 

<7^ P Cu2 ^ Cui ^ ^Cu*2 ^Cut 

i Cu2 “ -t Cui I 5 

r t ^ 

oi~^ol) 


^C«l 


PFe + Pciil 


Since in general tcm is between 14 and 30 °C 
and #01 is between 8 and 10 °C, and since 

1 Pcu2 Pcul "s. Pcw2 Pcai nr .1 

also - 5 - - > p = P ~ must be 

Pc«l Pfe "TX Cut 

greater than Tcuv 

If also the temperature Tcu^ is the highest 
allowable temperature in the windings, then the 
temperature in the windings must become ex¬ 
cessively high, even if the maximum temperature 
of the oil does not exceed the permissible value. 

The highest allowable overload with lower 
temperature of the cooling medium is determined 
from the equation: 


Tcuo^ Tcui from which we obtain: 



1 + 


Tkl Tk2 


tkl + tt 


01 


1 + 


PFe 

Po 


+ #Cui 


‘ui 


From the above formula it follows that the 
larger Pje is relative to Pcm in a transformer, 
and the less icai is relative 4i+^oi, on the as¬ 
sumption that #h+#oi+#c«i, is constant, the greater 
will be the overload capacity of the transformer. 

To work up to the maximum temperature of 
the oil when the load is varying is still more 
dangerous than the case considered above with 
continuous overload, and this is clear from the 
fact that in the expression rcu 2 in this case 
Tk 2 can be assumed constant, and equal to Tku 
so tkl and #oi can be assumed practically constant 
while #cu 1 increases proportionately with the square 
of the output. By assuming somewhat different 
values for the respective symbols we obtain: 

nr» , PCu 2 PCu | . 

J-Cti2 ~ ^Ctti T 5 * #Cin 


The temperature in the winding is in this 
case much greater than in the former example, 
without the maximum oil temperature exceeding 
the permissible value. The risk is that one 
can considerably overload the transformer while 
no particular temperature rise can at first be 
observed on the thermometer, although the wind¬ 
ing has reached a dangerously high temperature. 

We have all the time in the above been 
considering the characteristics of a water-cooled 
transformer. In a self-cooled or forced air-cooled 
transformer the temperature relations are ana¬ 
logous, and all that has been said applies also 
to these types. As an example we also calcu¬ 
late the temperature relations in a self-cooled 
transformer designed in accordance with the 
Swedish Technical Society’s rules. 

In accordance with the requirements of these 
rules, the temperature increase of the windings 
and core immersed in oil is allowed to go up 
to 60*^ C above the temperature of the surround¬ 
ing air, and the maximum increase in tempera¬ 
ture of the oil above the temperature of the 
surrounding air can go up to 60° C in a trans¬ 
former provided with an expansion vessel, and 
up to 55° C in a transformer without expansion 
vessel. The maximum temperature in the cool¬ 
ing medium is thus fixed at 35° C, z. e., the 
highest temperature in the core and windings — in 
the last measured by resistance — may go up 
to 95° C, and in the oil to 95 and 90° C 
respectively. In general nothing is gained by 
making full use of the upper temperature limit 
for *the oil, althqugh the temperature difference 








between the cooling medium and the winding 
is so small that the copper cannot be econo¬ 
mically utilised. In standard transformers accord- 
ingly, the maximum temperature rise in the oil 
for self-cooled types is kept between 45 and 
50° C and foi; forced cooled types between 
40 and 45° C. By this means not only are the 
windings more economically utilised, but the 
life of the transformer is also prolonged, since 
according to our experience, working for a con¬ 
siderable time with oil between 85 and 90° C 
very considerably increases the tar formation 
and sludge in the oil. 

Following from the figures given above, we 
assume that a selfcooled transformer with no 
load losses 1 and copper losses 2 should be 
constructed for a maximum temperature rise in 
the oil of 48° C, and a mean temperature rise 
in the windings of 60° C. These temperature 
increases hold with normal continuous full load 
and 35°C as the temperature of the surroundings. 
Assuming the mean temperature rise in the oil 
to be 0.8 X the maximum, which is a very good 
mean value, both for selfcooled and forced 
cooled transformers, the following values are 
obtained for temperatures with an output Pj (in 
accordance with the above): 

4- hi =- 48° C; toi 4 hi = O.a • 48 = 38 4° C; 

tcui ” — 38.4 = 21.6 C; Tki 35 C. 

We now examine, partly, what output the 
transformers can give with a temperature of 
5° C in the surroundings without the maximum 
temperature of the oil exceeding 95° C in accord¬ 
ance with the Swedish rules, and partly, the 
mean and maximum temperatures respectively 
obtained in the windings under these conditions. 
We have then: 

Toa =- To, 4 Tk,-Tki 4 k ihi 4 t'c) 

95 - 83 4 5 - 35 4 fc • 48 

‘ - 48 - 

Pfc + Pcu-i = (1 + k) (Pfe + Pcul) 

1 + Pcitt = • 3 

Pcua = 5.62 — 1 = 4.62 


P2 = |/-^ • 

The transformer can thus be overloaded by 
52 ^ without the maximum temperature in the oil 
exceeding the figure allowed by the rules.The mean 
temperature in the windings is, from the above: 

rc«3=95+5-35+0.876 • 58.4+ ^'°p -21.6=126.9°C 

Assuming the maximum temperature of the 
transformer under normal full load conditions 
to Be 13° C above the mean temperature in 
the windings, then the maxigium temperature 


of the transformer on 52 ^ overload is 126.9 
+ 30.1 = 157° C. Such a temperature is absolutely 
ruinous to the windings of the transformer. 

The figures given above apply to continuous 
load. With variable load the only difference is 
that the transformer can be overloaded consider¬ 
ably more for a shorter time without the oil 
temperature exceeding the permissible value. 
The mean temperature of the winding and the 
maximum temperature then considerably exceed 
the values given above in a shorter time. 

In order to guard against the dangerous 
overloads mentioned, it is necessary to use 
some temperature indicator on the transformer, 
with a signalling arrangement, and showing the 
maximum and mean temperature in the windings. 
By embodying a thermo-element in the wind¬ 
ings themselves at the hottest point, a good 
temperature control can be obtained, but this 
arrangement is not to be recommended from the 
manufacturing point of view as it is bound to 
endanger the working of the transformer. It will 
be born in mind that the thermo-element must 
be connected to earth in order to make it pos¬ 
sible for a reading to be obtained from it. 
Accordingly the thermo-element in the windings 
must be electrically insulated, and this neces¬ 
sitates that it is also to some extent thermally 
insulated from them. Its functioning on rapidly 
changing load is accordingly rather uncertain. 
With the higher working voltages it is practically 
impossible to provide, and satisfactorily insulate, 
such an element, and we do not recommend 
the arrangement in any case. 

As we stated before, the temperature in the 
windings is made up of the sum of a tempera¬ 
ture increase proportional to the square of the 
load, and the mean temperature of the oil, so 
that it might be thought possible to place a 
thermometer in the hottest part of the oil, so 
arranged as to be affected not only by the oil 
temperature, but also by the load current. The 
reading given by the thermometer should then 
be the sum of a reading depending on the 
maximum temperature of the oil (i. e. practi¬ 
cally proportional to the mean temperature of 
the oil), and a reading depending on the square 
of the load, and accordingly proportional to the 
temperature difference between the oil and the 
windings. This last reading should have a time 
lag in order to take account of the heat capacity 
of the windings. Such a temperature indicator 
must be calibrated for each transformer. We 
have af the present time under construction 
such a temperature indicator which we hope to 
be able to place on the market before long. The 
apparatus will, however, be somewhat expensive, 
as it is necessarily of a rather complicated nature. 
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CONSIDERATIONS IN DESIGNING FURNACE TRANSFORMERS. 


In a foregoing article some of the points of 
view of the manufacturer have been given re¬ 
garding the heating and load characteristics of 
transformers in general. We now intend to 
touch upon those questions effecting the desi^ 
of transformers for furnace work in particular wim 
respect to the output for which they are designed. 

During the years in which we have manu¬ 
factured furnace transformers, we have on several 
occasions, when carrying out repairs and altera¬ 
tions to various makes sent us by customers, 
had the opportunity of very carefully investigat¬ 
ing these points on transformers which had been 
in service for longer or shorter periods. We 
have noticed during these examinations that a 
number of these transformers have had their 
insulation damaged in a way which indicates 
that they have been exposed to dangerous 
heating. The insulation was, in general, found 
to be damaged in all parts of the windings and 
in many cases it had been uniformally charred. 
Ordinary power transformers which we have 
had the opportunity of examining after being 
some time in use have only in very exception^ 
cases shown such deterioration. Having regard 
to temperature rise and overload capacity, it 
appears usual to construct ordinary power trans¬ 
formers and furnace transformers on the same 
principles. Our observations, however, show 
that power transformers and furnace transform¬ 
ers for the same nominal outputs should not 
be designed for the same temperature rise and 
Overload capacity. Furnace transformers must 
be more liberally dimensioned than other trans¬ 
formers. We intend here to indicate why and 
to what extent. 

In order to clear up these questions it is 
necessary to appreciate the reason for the danger¬ 
ous heating which has resulted in damaging the 
insulation. As it has been observed that the 
circulation of the oil through the winditigs in 
the burnt-out transformers has not been lower- 
. ed to any considerable de^ee, the reason for 
the difference in various transformers must be 
sought in the service to which they have been 
subjected. Furnace work normally gives rise 
to overloading. The first thing that comes to 
mind is that transformers may be continuously 
overloaded when delivering their full output 
while the temperature of the cooling mediuna is 
low, and this load persists until the oil tempe¬ 
rature reaches the permissible liiriit.' The result 
of this, as we have mentioned in a former 
article* is that the transformers are burnt-out 
after being in use for . some time. Another 
reason may be that although the regulation of 


the voltage and the furnace electrodes is carried 
out in such a way that the external load on 
the transformer is as nearly as possible equal 
to the output for which the transformer is de¬ 
signed, still owing to short circuits in the fur¬ 
nace, and overloads of short duration, which 
often arise, the transformer is considerably over¬ 
loaded as regards its windings, even if this does 
not show in the oil temperature. This kind of 
overload has also been dealt with in the fore¬ 
going article. 

In polyphase installations another cause ot 
overloading may be dissymmetry of various 
kinds. This may be caused directly due to the 
furnace leads for the different phases being 
differently arranged and giving rise to alteration 
in reactance, but may also be caused by a 
transference of power between different sets of 
furnace leads (these acting as a transformer). 
This may take place particulary in cases where 
the phases are connected together to a neutral 
point at the transformer and each phase is taken 
to the furnace by only one group of conductors. 
Also, in cases where the start and finish of 
each phase is taken to the furnace by conduc¬ 
tors which are well laminated, mutual induction 
is obtained between phases if these are run too 
close to one another. These effects have been 
understood for a considerable time and we 
overcome them as far as possible, although there 
are still installations at work with the furnace 
leads unsuitably arranged, and it is not possible 
to overcome dissymmetry entirely even when 
designing a new plant. These unsymmetrical 
effects are, however, of great importance to the 
satisfactory working of the transformer. This 
holds good whether the transformers used are 
singlephase and Scott connected, or threephase, 
although in singlephase transformers, with sepa¬ 
rate regulators for each transformer, the working 
can be so arranged that there is no risk of 
burning out from this cause. In general this 
depends upon how the regulation of the power 
delivered is effected, and if there is a trans¬ 
forming effect between phases one phase will then 
be considerably more heavily loaded than the 
rest — cases have arisen where 30 to 40 ^ of 
the power of a transformer per phase has been 
transferred to the other phases. That this results 
in overloading of one phase of the transformer 
which gives up this extra amount of power is 
evident. It is therefore necessary to determine 
if any considerable inductive effect between 
different phases is taking place. 

It will be clear from the foregoing that there 
are briefly three reasons for the fact that furnace 
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transformers of unsuitable design are more often 
damaged or burnt out than is the case with 
ordinary power transformers. Which of these 
can be made to furnish a definite specification 
must be determined by co-operation with the 
users. We are^ glad of every opportunity of 
assisting and obtaining information jointly with 
our customers, which can be employed to clear 
this matter up completely. Apart from the 
actual cause, however, we are certain that furnace 
transformers, when designed in a way which is 
analogous to that used for designing power trans¬ 
formers, and calculated with the same tempera¬ 
ture rises and overload guarantees, will give rise 
to trouble through overheating. 

It is not sufficient when ordering furnace 
transformers to specify merely the voltage, capa¬ 
city, system of connection, and continuous out¬ 
put required, and these particulars are very often 
the only ones which are given. In exceptional 
cases only requirements regarding overload capa¬ 
city are stated. It is essential when sending 
replies to our standard question sheet for fur¬ 
nace transformers, and upon which the design 
will be based, that full information be given 
concerning duty and operation, and not only 
the percentage overload anticipated, but also the 
duration of such overload. Only by this means 
can we offer transformers of a suitable character. 
It is quite certain that the standards usually 
adopted for power transformers are quite in¬ 
adequate and unsuitable for furnace work. 

To what extent the overload capacity of fur¬ 


nace transformers requires to be increased so 
that one can be quite certain that no damage 
will occur in normal working, is naturally a 
question which has to be settled in each indi¬ 
vidual case. Any standard rules regarding the 
overload capacity of such transformers would 
be of very great use, but, at the same time, 
their importance would be wholly illusory, if 
the normal full load output of the transformers 
was not correctly and definitely specified, in 
relation to the furnace installation under consi¬ 
deration, and the load characteristics required 
by it. A determination of load characteristics 
for different types of furnaces, of various sizes 
and uses, provided with hand and automatic 
regulation for the electrodes, would accordingly 
be of considerably value. Such a determination 
should be based upon load curves obtained from 
plants already installed, and would result in 
standard load diagrams, from which the nominal 
power necessary for a given furnace could be 
estimated, with full regard to the ability of the 
furnace transformer to deal with the varying 
loads. 

Such a research could only be undertaken by 
actual users of electric furnaces, and would 
certainly be of great interest both to the manu¬ 
facturers and purchasers of electric furnace plants. 
We on our side would be very glad to assist 
by supplying all the information regarding tem-^ 
perature characteristics and load characteristics 
of transformers for furnace work which would 
be necessary. 


RIKSGRANSEN-NARVIK TRANSMISSION LINE, NORWAY. 






The electric power for the line known as the 
Ofoten Railway from Riksgransen to Narvik is 
supplied from the Swedish State Power Station 
at Porjus as single-phase alternating current 
at a pressure of 80,000 volts. The power line 
for the Riksgransen Raib p ^. 
way has been extended 
from the Vassijauretrans- ; 
former station to Riks¬ 
gransen and there con¬ 
nected up with the Nor¬ 
wegian transmission line. 

The work of tran¬ 
sporting the material for 
this line was commenced 
in the beginning of March 
1922, the weight to be 
carried amounting alto¬ 
gether to about 400 tons. 

The, transmission line Fig. l. j;ransporting cable over the Kvitur Mountains in April 1922. 


runs partly over very awkward country, over 
desolate mountains and sheer precipices, and 
over deep valleys, so that the transport was 
attended with very considerably difficulty. 

As there was exceptionally little snow on 
. V. r the montains, the neces¬ 



sary ironwork arriving 
very late, most of the 
parts for the masts were 
carried out to their posi¬ 
tions on men s shoulders. 
The masts were delivered 
in sections, and arranged 
for fitting together on 
site. Only the cross arms, 
weighing about 110 kgs, 
were supplied welded up. 
In a number of places the 
parts for the masts had 
to be lowered hundreds 








m r\ 












summer when the snow and 

and a ^r ^ 

^e ttansmissioi^ine cros- ^ 

have mill^^^^lllll^^ll 

and are supported by strain 2^ Crossover point, 

insulators each with six sec¬ 
tions. The conductors are drawn up to special four uprig 
straining masts, and at these points seven insulator The -loj 
sections are used in series. The earth wire is clamp- iron weigr 
ed to the top of the cross arm, and consists of a frameworl 
galvanised steel cable having an area of 35 mm®, readings \ 
The length of the transmission line is roughly displaceme 
35 kilometres, and the longest span about 455 The ere 
metres across the Sildvik River. The sag amounts mission lii 
to 53.5 metres at this point, at a temperature July, and 
of 25° C. For this span two ^ _ 

masts have been placed at 
one end at a centre distance 
of 36 metres, each carrying one 
conductor. This construction 
is adopted to prevent the lines 
on this long span swinging 
into contact with one another 




Fig. 2. Crossover point. 


during stormy weather, and 
causing a short circuit. 

. An interesting test of an 
18 metre supporting mast was 
undertaken: a foundation was 
■ placed close-.to a vertical cliff 
so that horizontal stresses 
could be produced by means 
of pulleys fixed'to the cliff 
wall. Three weights were at- 
tached in this way to the 
“ast, one representing the 
weight of the conductors 
themselves including snow 
and ice loading, one repre- 
— ' senting the wind pressure on 

Ij. . the conductors and cross arm, 
and one representing the 
wind pressure on the mast. 
The first named weight was 
attached to the top of the 
mast centre point, the 

second weight was also pla- 
ced at the top of the mast, 
and the third at a 
approximately in the middle 
of the mast, with the load 
)vct point. divided evenly among all 

four uprights by a special sling. 

The loading was carried out with cast- 
iron weights, guided in a specially constructed 
framework, and increased successively while 
readings were taken with a theodolite of the 
displacement of the top of the mast. 

The erection of the conductors on the trans¬ 
mission line was commenced in the middle of 
July, and the work was completed ready for 
inspection and testing within 
the contracted time, by the 
* ' beginning of November. 

In spite of the particularly 
difficult characteristics of the 
country referred to above, no 
serious accident occured dur¬ 
ing the installation. 



Fig. 3. Erecting the Htrt mast by the light 
of the midnight sunt 15th June 1922. 
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WINDER FOR THE ORKLA MINING CO., NORWAY. 



Large electric winder for WaUenberg Pit. LBkkens Verk, Norway. 


Asea recently supplied the electrical parts 
for the largest winding gear in Scandinavia, 
installed by The Orkla Mining Co., Norway. 
The winder, the mechanical parts of which 
were supplied by Holmens Foundry & Mecha¬ 
nical Works, Nyby Bruk, is installed at the 
Wallenberg Pit and is designed for lifting a 
nett load of 5 to 6 tons per wind in a vertical 
shaft having a depth of 540 metres, the maximum 
winding speed being about 7 .2 .metres per second. 

The driving motor is divided into two series 
connected DC motors, each direct coupled to 
one of the two drums of the winder. The 
diameter of these drums is 4.6 metres. (See 
illustration above). Each part of the motor is 
designed for a continuous output of 350 h.p. 
at 300 volts and + 30 r.p.m., so that the total 
continuous output is 700 h.p. at 600 volts. The 


winding motor is connected on the Leonard system 
to an Asea-Ilgner set consisting of a three- 
phase induction motor of 750 h.p., 3,000 volts, 
50 cycles, a DC generator of 580 kW, + 600 
volts, 730 r.p.m. and to a double flywheel 
weighing approximately 18 tons. 

Both the winding motors and the Ilgner set 
generator are excited from a separate motor 
driven exciter at 220 volts. 

For limiting the power taken from the supply 
network to a value corresponding to the mean 
power required during each wind, the Ilgner 
set motor is provided with an automatically 
operated secondary liquid resistance which is 
constructed on the principle which embodies 
stationary electrodes and circulating electrolyte. 

The same resistance serves as a starter for 
the Ilgner set. 


.................. 
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MOTOR EQUIPMENT IN THE ELECTRICALLY DRIVEN 

COTTON MILL. 


An exhaustive treatment of the problems en¬ 
countered in the motor equipment for an elec¬ 
trified cotton mill cannot be given within the 
scanty limits of one of these articles. This 
article is also written with the object of giving 
a brief review of present practice as regards 
motors and apparatus of suitable design for dif¬ 
ferent installations, so as to meet the working 
conditions and the various regulations drawn 
up by local authorities and fire insurance com¬ 
panies. We now propose to further limit the 
field by considering the plant required in the 
cotton spinning industry, and all that we have 
to say applies more or less to the textile in¬ 
dustry in general, as the processes through which 
the raw material has to go are to some extent 
the same in any branch which may be considered. 
Several illustrations applying more particularly 
to the manufacture of wool are accordingly in¬ 
cluded in this ar¬ 
ticle. 

From the time 
it reaches the mill 
in bales, until it 
leaves as finish¬ 
ed thread, cotton 
passes through a 
number of pro¬ 
cesses which can 
be divided into 
cleaning, carding 

Fig. 1. Open-protected three-phase motor and drawincy 
t>pe MK with enclosed sliprings. U r a W1 n g, 

twisting, fine spin¬ 
ning, and various finishing processes. Each of 
these main groups covers a number of diiBferent 
processes, so that the divisions which we have 
introduced above are quite arbitrary, although they 
lend themselves to a consideration of the questions 
referred to regarding the electrical equipment. 

At the present time alternating current is 
practically the only supply in question, both on 
economic and technical grounds. The possibili¬ 
ties of speed regulation with small losses which 
can be obtained with continuous current motors, 
can in nearly all cases be obtained equally well 
y the use of modern AC commutator motors, 
and an attempt which was lately made by a 
foreign firm of electrical machinery builders to 
reintroduce the DC motor for driving ring ' 
prying machines, gave rise to a number of 
^ regards the voltage for 

button, it may be taken when considering 
pressures defined as 

lowtension should not be exceeded without some 

y special reason, and in most cases standard 





voltages 
such as 380, 

220 or 190 
should be 
used. On' 
account of 
the large 
number of 
small motors 
which are in 
question, if 

the supply ^*^ 2 . Pipc-vcnHlntcd threc-phnse motor type MK. 
voltage is taken higher, both the cost of the 
installation and the charges for power will be 
increased, the latter on account of the reduced effi¬ 
ciency which would be obtained from the motors. 

Regarding the construction of the machines 
and apparatus the requirements of the insurance 
companies are fully met: 

a) As regards motors for opening and cleaning 

mixing, and in waste and scutching 
rooms- 

if the casing of the motor is of iron, and 
airtight, or provided with openings for ventila¬ 
tion only, and arranged so that the circulation 
of air takes place through fireproof pipes and 
is drawn from, and discharged to, the open air, 
or some locality which is free of dust. 

b) As regards motors for other localities 
where inflammable dust is present, for example, 
cotton, wool etc., 

if the motor is a squirrel cage induction motor, 
i.e. without sliprings, or is of the arrangement 
provided as specified under a), or if sliprings 
are provided and totally enclosed in a dustproof 
cover; 

and further as regards starters and regulating 
resistances in localities such as described under 
aj or bj above, 

if all moving contacts, and in the case of 
localities as mentioned under a), also all resist¬ 
ance material is enclosed in a-dustproof cover 
of suitable 
non-inflam¬ 
mable mate¬ 
rial, or if im¬ 
mersed in oil; 

and as re¬ 
gards switch¬ 
es, 

if the com¬ 
plete appa¬ 
ratus or the 
contacts are 

In pig. 3 .^ Totally enclosed tlirce-phas(k motor type MK. 
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an airtight cover of incombustible 
material. 

Returning to the classification 
given above for the different pro¬ 
cesses of manufacture, it can ac¬ 
cordingly be laid down that all 
motors used in the cleaning pro¬ 
cesses must be made totally en¬ 
closed or pipe ventilated, whether 
they are of slipring or squirrel cage 
design, while for other localities 
there is a wider choice in the se¬ 
lection of a motor. Here open type 
motors may be used if they are 
furnished with squirrel cage rotors, 
open type slipring motors with 
the sliprlngs enclosed, and also, 
Ffg. 4. Combined of course, pipe ventilated or totally 
sSVpeVsc for enclosed motors,like those specified 
slipring motor, j-jjg cleaning processes. When 

possible squirrel cage motors are to be preferred 
from the point of view of first cost, and also 
because these machines cannot be bettered as 
regards low upkeep charges and safety in runn¬ 
ing. The limit to their use lies in their starting 
characteristics. While on the one hand their 
starting current is relatively large — on switching 
on direct with full voltage the short circuit 
current of the motor is obtained at the instant 
of switching in — and on the other hand the 
starting torque is not particularly high. For out¬ 
puts up to 3 h.p., however, if there are no 
special requirements to be considered, it is not 
usual for anything to be considered beyond a 
motor of standard open type with squirrel cage 
rotor, and in many cases very much larger 
squirrel cage motors can well be used, e.g. for 
driving short lengths of shafting which are started 
light etc. To . assist in the selection of a motor, 
approximate values are given in the table below 
for the starting torque and starting current of 
motors of the most usual small sizes when switch¬ 
ed direct on to the line, the starting current 
being given as a multiple of the normal full load 
current. By the use of star-delta starting, the 


starting current is reduced to 58 and at the 
same time the starting torque falls to 33^ of 
the value given when switching on to full volt¬ 
age direct. 

The values below, which apply to motors of 
Asea’s make,are considerably more favourable than 
are advised by the Swedish Electrical Standards 
Committee regarding starting require¬ 
ments for squirrel cage motors. 

A slipring motor, by suitably de¬ 
signing the starting resistance, can be 
made to give a starting torque equal 
to the full load torque without any 
considerable rush of current at the 
moment of starting. According to the 
Swedish Rules it should be possible 
for this torque to go up to at least 
175 ^ of the normal. 

Coming to starting apparatus it squimicage 
may be remarked that the market is 
flooded with a large number of different designs, 
many of which are very far from meeting the 
rules referred to above, and a good many of 
which constitute an actual danger to any in¬ 
stallation. Asea has always been in the front 
rank of all developments of a sound and prac¬ 
tical nature in apparatus construction, and accord¬ 
ingly has. a complete range of standard starting 
apparatus which can be relied upon to operate 
faultlessly, and fully meet the working condi¬ 
tions found in electrical installations for textile 
plants. Regarding apparatus which should be 
used in cases already referred to, it may be said 
tbdt starters for motors used in the cleaning 
processes should be oil immersed, both the con 
tacts and the resistance itself being under oil. 
Starting switch cases combining priinary switch, 
with overload protection, and secondary starter, 
consititute a simple and cheap amngement, 
besides preventing incorrect operation during 
starting. They can in general be made suitable 
for motors up to 40 h.p. and have been used 
by Asea with entire success in all the localities 

referred to. .. i i 

Changeover switches for squirrel cag e motors. 
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Fig. 6. Individual drive of opener. 


whether for switching the motor direct on to 
the line, and furnished with special contacts for 
cutting out fuses during starting, and so per¬ 
mitting an efifective protection of the motor, or 
for star-delta starting, and made totally enclosed, 
with contact arrangements immersed in oil, more 
than fulfil all the requirements. 

A description of the various apparatus, distri¬ 
bution boxes etc., of enclosed ironclad construc¬ 
tion and arranged with connecting boxes for 
•tubing or cables, which go to make up a modem 
properly designed motor installation, would take 
up a great deal too much room. It 
is sufficient to say that experience 
shows that capital expended in 
having all these details of suitable 
design is certainly well employed. 

The machines given under the 
’’cleaning” in our fore¬ 
going division of the processes are 
bale breakers, openers and beating 
machines, which are all used for 
the purpose of opening out and 
cleansing cotton. All these machi¬ 
nes have properties, as regards 
construction and method of work¬ 
ing, which are best suited to the 
use of a separate motor for each 
machine, individual drive! A 
bale breaker requires from two to 
four horse power, depending on 
its construction, and openers and 
rotary beater machines take four 
or five horse power ip single units, 


while double or combined machi¬ 
nes require eight to ten horse 
power, vertical openers, ’’Crighton 
Openers” about eight horse power. 
Belt drive, with the motor placed 
on the ground k used in many 
cases; modern machines are often 
furnished with a driving axle, de¬ 
signed to run at a standard in¬ 
duction motor speed, 725 or 950 
r.p.m., in which case the motor is 
direct coupled to this driving axle, 
by means of a flexible coupling, 
and at the same time, a small 
saving is effected, by eliminating 
the transmission losses in the belt. 
In such cases the Crighton opener 
is provided with a vertical direct 
coupled motor, and the flexible 
coupling must be to some extent 
special by designed so as to permit 
a vertical movement of the driven 
shaft of the opener amounting to 
10 mm or so. As we have stated 
above, all these motors should be either totally 
enclosed or pipe ventilated, and the latter ar¬ 
rangement often comes out more expensive, in 
spite of the lower .motor price, on account of 
the cost of the ventilating ducts; more especially 
in the case of motors of small size. 

Carding machines, to which the cotton is taken 
after the cleaning process, are slow running 
machines having a driven shaft speed of 160 
to 190 r.p.m. The power required per machine 
is about one horse power. Carding engines run 
continuously, and owing to their large rotating 



Fig. 7. Individual driven of carding engine. 
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Fig. 8. Rotary beaters. 

masses, their starting conditions are somewhat 
heavy. All these characteristics, small power, 
continuous and even running, and heavy starting 
conditions, indicate the use of group drive. The 
speed of the line shaft should be taken at about 
250 r.p.m. and a further speed reduction made 
between the motor and the shaft. In order to 
eliminate another belt drive the motor for this 
work can be furnished with a self-contained 
reduction gear, and the slow running shaft end 
direct coupled to the line shaft. The remaining 
machines comprised in this group for drawing 
and doubling the “slivers” have also low power 
requirements, and slow running driving shafts, 
and all that has been said regarding carding 
machines also holds for them. The positions in 
which all these motors are used, are exposed to 
an atmosphere full of cotton dust, so that if the 
motor is hung from the ceiling or in some other 
way which makes regular cleaning 
out of the windings difficult, it is 
advisable to instal totally enclosed 
or pipe ventilated machines, al¬ 
though this should not be interpret¬ 
ed to mean that machines of this 
construction are absolutely neces¬ 
sary. Individual drive of machines 
in this group can be employed, 
but is hardly justified without some 
special reason, as for example, 
where the ceiling is low or the 
roof construction too light to with¬ 
stand the strain of the counter¬ 
shaft. An exception to this rule 
may possibly be made also in the 
case of drawing and doubling 
machines which may be profitably 
Tirranged for individual drive when 
it \yould otherwise be necessary 
to instal separate line shafting for 
them. It is, then advantageous to 


use standard loom motors designed 
for belt drive, and provided with 
spring tension adjusters, and the 
automatic operating arrangement 
can in general be easily combined 
with the motor switch. 

As the fibres of the material are, 
practically speaking,parallel during 
the above-named processes, and 
the material is in narrow strips 
(slivers), further drawing out cannot 
be accomplished without twisting 
them to some extent so as to ob¬ 
tain a higher tensile strength. This 
twist is given in fly frames and 
we must distinguish between slubb- 
ing, intermediate, roving and jack 
frames, through which the rough cotton passes 
in the order named, undergoing continual draw¬ 
ing and spinning, The power requirement per 
spindle is highest in the heavy slubber, and at 
the same time the spindle speed is lowest in 
this case. In order to determine the power re¬ 
quired it is usual to reckon 50 spindles per 
horse power for a heavy slubber, 60 for an 
intermediate slubber and 70 to 80 for a fine 
slubber. These figures may be taken as being 
good medium values^ and err somewhat on the 
side of safety. From an estimate which we re¬ 
cently made on a number of shaft driven groups 
of slubbers (Dobson & Barlow type 1915—1916) 
we obtained a nett power requirement of l.o kW 
per heavy slubber with 92 spindles, and 1.25 kW 
per intermediate or fine slubber with 160 spindles, 
corresponding to 68 and 94 spindles per horse 
power respectively. In general, at any rate in 



Fig. 9. Cleaning and mixing room in wollen mill. 
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Fig. 10. Group drive of carding engines. 


Sweden, slubbers are driven from a common line 
Shaft, or in groups from a number of separate 
lines of shafting. 

Individud drive, if it can be arranged so as 
to meet the working conditions properly, un- 
doubtedly possesses a number of advantages, 
nd there is at the present time a general 
tendency towards the adoption of such drives 

^ the same 

time highly satisfactory, solution of this particular 

flT. ^ dJive with 

dnkhtn 1°°®* each 

Start^-^ top of the frame. This motor is then 
started on no load, and the belt thrown over in 
the usual way by means of a dog. On account 
of the shortness of the belt, and as the drive 
s a vertical one, these motors are mounted upon 
a pivoted frame so that the tension of the belt 
can be kept at a suitable value by means of an 
adjusting screw. Another arrangement to secure 
the same result is the use of an idle pulley, and 

f» stafttl ,hfb.h. ‘‘"S 

necessary that starting shall be particularly slow 

m breakages. With the arrange- 

mente referred to above a sufficiently even start 
IS obtained, due to the slipping of the belt when 
It is changed over from the loose to the fast 
pulley. In cases where the motor is direct coupled 
to the slubber driving axle, the starting problem 
as given rise to a number of complicated con¬ 


structions which permit an adjust¬ 
ment of the starting torque of the 
motor to a suitable value. These 
arrangements, which consist in the 
provision of special ’’leakage rings” 
on the rotor, have^ been regarded 
by textile mani^acturers as being 
too difficult in operation, to judge 
by the small application which the 
devices have found. A somewhat 
similar result as regards the pos¬ 
sibility of adjusting the starting 
torque of the motor, can be ob¬ 
tained in a less complicated manner, 
as for example, by suitably com¬ 
bining a primary starting resistance 
with a clutch, or still more simply 
by using a motor with exactly 
correct starting torque. As the 
driving axle of a sluber only has 
a running speed of about 300 to 
500 r.p.m., the motor may be 
connected to it through gearing, 
and in general arrangements are 
niade for easily altering the gear ratio so as to 
aJter the speed of spinning to suit the degree 
ot tineness or coarseness desired. The clutch for 
the direct connected motor is operated by a rod 
running the whole length of the machine, and 



Fig. 11. Individual dri3« of slubber with fast and Ipose pulleys. 






ASEA-TOURNAL 


39 



Fig. 12. Individual dtive of self-acting spinning frame for wool. 


is arranged so that it permits the machine to 
be instantly brought to a standstill when required 
in order to join up a broken yarn. The motors 
for individual drive of slubbers are furnished, 
as we have stated before, of the squirrel cage 
pattern and in the open arrangement. For motors 
for group drive, which may be provided with 
self-contained reduction gears for direct connecting 
to line shafting, the same remarks hold good 
which have been made for group driving card¬ 
ing machines. 

Fine spinning of the cotton thread, after the 
preliminary processes in the slubbers, is done 
by two different methods, spinning on self¬ 
acting mules and ring spinning, of which the 
latter, as far as cotton is concerned, is much 
more widely used, although spinning on self¬ 
acting mules is retained practically always for 
spinning the finer counts. . j. 

As spinning on self-acting mules is a dis¬ 
continuous process, the power requirements vary 
for the different phases of the cycle. As these 
variations are besides very considerable, the 
problem of driving demands special attention. 
The schematic diagram (fig. 13) shows the power 
requireitiexits over one working period for a 
self-acting mule with 832 spindles, and having 
a spindle speed of 6,000 r.p.m. On the- same 
diagram is shown the total power requirements 
for four similar machines driven as a group 
from a common motor, under the assumption 
that the ideal arrangement is obtained,* the 
;nachine.s r^aning so that the*peak loads of each 


machine are evenly divided over a working 
period. Even with these particularly favourable 
conditions, which are never obtained in practice, 
or at least cannot be obtained for a long period, 
it is seen that the load on the driving motor is 
particularly variable. In order to decrease the 
percentage variation in the power requirements 
with group drive, other machines are often driven 
from the line shaft which drives self-acting mules, 
such as carding machines, which have an even 
load, and constitute a steady basis for the load 
on the transmission system. With individual drive 
it will be obvious from the diagram that a motor 
is necessary which has a very high overload 
capacity with reference to its normal output, and 
which has a high efficiency even at low loadsi 
In order to compensate to some extent for the 
greatest peak loads, which occur when the self- 
acting mules run in unison, the use of a fly¬ 
wheel on the motor has become usual. It is un¬ 
questionable that such an arrangement smooths 
out the load, but at the same time, when energy 
is taken from the flywheel, the speed of the motor 
must be decreased somewhat. As an average power 
requirement for self-acting frames, when spinning 
cotton, it is usual to take one horse power to 
110—130 spindles, depending on the count etc., 
but this figure is not very definite and is hardly 
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Fig. 13. Diagram showing power requirements of self-acting spinning 
® ^ mules. 
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good enough for determining the sizes of motors 
for individual drive- 

It will be apparent, from what we have said 
above regarding the variation in the load, that 
a motor furnished for individual drive must 
always be specially designed in order to meet 
the requirements which arise under working 
conditions. 

Ring spinning on the other hand is a fully con¬ 
tinuous process. The working capacity of a ring 
spinning frame is also greatly superior to that 
of the self-acting mule, and at the same time the 
amount of space taken up by the machine is 
considerably less. A short description of the 
method of working of this machine must now 
be given, in order to assist in explaining the 
question of suitable drive. The spindle arrange¬ 
ment on a ring spinning frame is shown dia- 
gramatically in fig, 14. The twisted yarn passes 
through the drawing rollers A where the rolls 
rotate at different speeds so as to give a suitable 
amount of stretch to the rough yarn, which is 
afterwards led through the eye B and the tra¬ 
veller L to the rotating spindle D. The traveller can 
move freely on the ring R which surrounds the 
spindle. As the spindle rotates at a definite speed, 
the traveller, on account of the tension in the 
thread, is obliged to follow the rotation of the 
spindle although at a somewhat lower speed due 
to innertia. The yarn is accordingly wound up 
on the spindle at a speed corresponding to the 
difference between the spindle and traveller 
speeds, and at the same time it is given a twist 
or lay, the number of turns corresponding to 
the speed of the traveller. In order to make the 
subsequent unwinding of the yarn from the 
spindle easier the cotton is wound on the spindle 
in conical layers. As the number of turns in 
each layer is made different, the threads in ad¬ 
dition cross over one another. All the rings R 
are arranged upon a common frame, the ring 
frame, which can be raised and lowered. The 
crossing of the layers of thread is obtained by 
making the time for raising the frame about three 
times greater than the time for lowering, by 
which means a correspondingly greater or less 
number of turns are wound up. After each period 
in the movement of the ring frame it is raised 
by an amount corresponding to the thickness of 
the layer of thread which has been wound on. 
As the traveller L is carried. round by the ro¬ 
tation of the spindle a force is required, the 
direction of which at each instant coincides with 
the tangent to the ring R at the point where 
the traveller happens to be at the time. This 
force, which is proportional to the speed of the 
traveller, is a component of the tension in the 
thread between the traveller and the bobbin. As 




Arrangement of spindles of a ring 
spinning frame. 

the direction of this thread 
tension when spinning on the 
smaller diameter is at a greater 
angle to the tangential force, 
and when spinning on a great¬ 
er diameter at a smaller angle, 
the resulting tension in the 
thread must vary between a 
high value in the former case 
and a low value in the latter, 
as long as the speed of ro¬ 
tation of the spindle is con¬ 
stant. The variations in the 
thread tension are taken up 
in the ’’balloon” of'cotton formed by that part of 
the thread which lies between B and L, and which, 
on account of centrifugal force, is curved outwards 
into a flying balloon when the spindle is running. 

For driving ring spinning frames two different 
methods are in general used. One of these gives 
a constant speed to the frame and causes variable 
thread tension, and the other gives a variable 
speed to the frame, and is arranged so that the 
thread tension remains constant. In the first case, 
however, the speed must be so low that the 
thread tension at its highest value does not exceed 
the allowable tensile stress for the thread, while 
in the second case, when spinning at a variable 
speed and constant thread tension, it will be 
clear that the speed of spinning is the medium 
speed and the production is accordingly higher,. 
The spindles are driven by cords from a sheet- 
iron cylinder, the tin roller, which is carried on 
the driving axle of the frame and rotates with 
a speed of from 500 to 1,000 r.p.m. When in¬ 
dividual drive is ttsed the motor is dij^ect coupled 
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Fig. 15. A.se.n three-phase commutator motor driving ring spinning frame. 


of its relatively more simple con- 
1 struction compared with that of 
the three-phase motor. The single¬ 
phase commutator motor has shown 
itself to be very suitable in a large 
number of cases, but on account 
of its series characteristic it is 
sensitive to voltage and load va¬ 
riations — the speed variation is, 
practically speaking, proportional 
to the alteration in supply voltage 
or load — so that Asea has un¬ 
dertaken in addition to this con¬ 
struction a three-phase commutator 
motor having shunt characteristics, 
and in which the above drawbacks 
are eliminated. Speed regulation 
with both constructions is carried 
out in the same way by shifting 
the brushes on the commutator of 
the motor, and this method is, 
practically speaking, free from 
* losses. For fixing the speed which 
is to be the basis of running, and 
for altering the speed when ne- 


to this shaft or else the motor itself is provided cessary by hand, the motor is provided with a 
with an extended shaft which is made to carry handwheel for moving the brush rockers, and 


the tin roller. Further, reduction gear between 
the motor and the driving shaft can be used, 
or else belt drive from a motor mounted on 
the spinning frame. 

For drive at constant speed, open type squ¬ 
irrel cage motors are used almost exclusively, and 
for variable speed drive AC commutator motors 
which are then made of ventilated enclosed pat¬ 
tern. As an intermediate system between con¬ 
stant speed and variable speed drive, there is 
an arrangement which makes possible a speed 
reduction at the beginning and end of the 
spinning period, at those points where the thread 
tension is greatest. Such regulation can be ob¬ 
tained with slipring motors by means of a 
series resistance, but this method of regulation 
is uneconomical since the speed reduction obtain¬ 
ed means a corresponding increase in the power 
lost in the resistance, the percentage increase 
being the same as the percentage drop in speed. 
Such regulation can also be obtained by using 
a motor designed to run at two speeds, for 
example, in the ratio of 8*6, or by a mechanical 
arrangement making use of the slip in the belt 
in the belt drive transmission between the motor 
and the driving axle, or finally also by using 
a variable speed commutator motor, similar to 
that used for giving a variable speed drive. 

Variable speed commutator motors are made 
both single-phase and three-phase, and the former 
type has bc^^n adopted in mos^t cases on account 


for the automatic speed regulation the regulating 
mechanism on the motor is combined with a 
separate spinning regulator driven from the spin¬ 
ning frame, and in which, according to Asea*s 
construction, the movement of the spinning 
frame is determined by cams which operate the 
brush shifting gear in a manner corresponding 
both to the lowering in speed required at the 
beginning and end of the spinning period, and 




Fig. 16. Diagram showing regulation and power requirements for a 
304 spindle Dobson & Barlow spinning feame for 30 cotton, 
with automatic speed regulation. 
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ELECTRIC DRIVE OF LOOMS. 


The equipment in a weaving 
shed consists coraonly of reeling 
and bobbin winding machines for 
the warp and* part of the weft, 
warping, sizing and beaming ma- 
chines. 

Although the power require¬ 
ments are not great, it is necessary 
to pay particular attention to the 
drive of all these machines, as any 
fault in this respect reacts upon the 
whole weaving process, increases 
the running costs and lowers the 
quality of the material produced. 

For all these machines individual 
drive is particularly suitable, for 
spool winding machines because 
they have to be stopped very fre¬ 
quently, and for warping and 
beaming machines because they 
take up a lot of space, and it would 
be a costly matter to drive a num¬ 
ber of them by shafting. Winding 
machines (fig. 1) can be driven by belt or 
gearing at a constant speed. For small powers 
totally enclosed loom motors are accordingly 
used, and for larger outputs open type squirrel 
cage motors can be employed in certain cases. 
Starting is effected by switching the motor 
straight on to the line by means of the pecial 
loom motor switch type SB 320, or by * 
over switch type KKS which allows the fuses 
to be cut out during starting. 

Warping machines are provided with selt- 
contained mechanism for speed regulation, so 
that constant speed motors can be used tor 
driving them. The machines are dnven by belt 
or through a double reduction gearing, and the 
same motors and apparatus which are suitable 
for spool winding machines can be used to 
them (fig. 2). Sizing machines, which are in 
general combined with beaming machines, are 
driven by belting from a standard slipring or 
squirrel cage motor, or alternatively they can 
be provided with a direct coupled commutator 
motor with a gear which simplifies the driving 
mechanism considerably. In the latter case the 
speed regulation required is obtained -without 
introducing any losses simply by moving the 

brush gear of the motor. , , . n 

For driving the looms themselves electrically, 
a choice has to be made between group drive 
and individual drive. 

With group drive it is sometimes possible to 
run all looms in one room from a single n»otor, 
or alternatively several line shafts may each be 



Fig. 1. Winding, machine driven by MK motor. 

run from their own motor. In the first case the 
main shaft is commonly operated from the motor 
by a chain drive, and in plants where it is par¬ 
ticularly desired to reduce the losses which are 
inseparable from the use of belting, the inter¬ 
mediate shafts are also driven in the same manner. 

If only two shafts are to be driven this ^ 
done direct by chains from the motor, which is 
then placed between the two shafts and hung 
from the roof (fig. 3). When only one sha t is 
to be driven from the motor the best solution 
is to direct couple a motor provided with re¬ 
duction gear, to the line shaft, as by this method 
smoother running and a more compact arrange¬ 
ment is obtained (fig. 4). 

Motors for group drive are commonly furnished 
of the open type with enclosed sliprings, or 
else of the core-cooled type. When the 
is supported from the roof, the starter, which is 
fixed on the nearest wall or S 

with an interlocking contact so that incorrect 
operation of the brush Ufting and short circuit- 

'th^r wses the looms themselves are 
belt driven and the drives are nearly vertical 
from the line shafts which in 
somewhat higher speed than the loo™*; J 
losses due to slipping of the ^ 

latively long drives are reckoned to amount to 
from 6 to 8 ^ according to mean values which 
have been obtained from various tests. 

With group drive the looms can be driven 
by belt? Q? gearing fioro special motors. 
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Fig. 2. Individual drive of warping machine. 


In figure 5 are shown tachograph diagrams 
taken on both plain and automatic looms driven 
by different methods. These clearly show that 
much more even running is obtained with in¬ 
dividual drive and gearing than with belt drive. 
It can be seen further that on starting up a loom 
driven through gearing the start is much quicker 
and the normal cycle of the loom is carried out 
much more rapidly than with belt drive. 

Everyone acquainted with textile work knows 
how important it is to secure constant speed for 
the macWnes in order to maintain good quality 
and high production, although naturally the 
speed should not be absolutely constant over 
the whole working period but should be arranged 
so that a certain fixed speed corresponds to 
each instant in the period of working. The 
tachograph shows that it is possible to secure 
this with individual drive, and that with plain 
looms which often require to be stopped for 
changing the shuttle, the gear drive has consi¬ 
derable advantages over belt drive. With auto¬ 
matic looms, which only require to be stopped 
occasionally, and with which the running time 
can reach 80 or 90^, the starting qualities of 
the gear drive is of less importance; instead, 
however, there is another advantage, due to the 
saving in power which may amount to 4 or 5^ 


and is gained by eliminating the belt slip. 
the same time the running of the loom is much 
more certain than it is with individual “^ve 
through a belt, since a belt always runs differ¬ 
ently when the dampness of the air changes, 
and conditions in this respect in the weaving 
shed may vary widely at different times of the 
year and even at different times of the day. 

It is generally known that the individual drive 
of looms is more economical than line shaft 
drive. In weaving sheds where individual drive 
is installed it can be stated that the increase in 
production amounts to 10 to 25 depending 
on the higher efficiency and the increased speed 
of the looms which can be allowed owing to 
the smoother running. At the same time the 
saving in power has been estimated to be from 
10 to 20 % and this again is due to the elimi¬ 
nation of the practically indeterminate friction 
and belt losses which occur with shafting trans¬ 
mission drive. 

That the speed can be increased is shown 
beyond all doubt by the tachograph diagrams. 
There is no reason to prevent a gear driven 
loom running with the same medium shuttle 
speed as a loom which is group driven, and 
at the same time with 10 ^ lower maximum 
speed and above all with smaller strains in all 
(parts of the loom itself and the material. It can be 



• '' 1 • 
Fig. .3. Group drive of looms through silent nfnning chains. 
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assumed that practically the same maximum speed 
can be maintained without causing the thread 
to break or the strains in the machine to be 
greater. This corresponds to an increase in pro¬ 
duction of 11 From some manufacturing 
statistics taken* with such looms with individual 
drive, and group drive, it has been established 

that the ^ 

highest possible shuttle speed 
is about 75 % with individual drive and 70 ^ 
with group drive, z. e. a further increase in 
production of 7 % with individual drive, so that 
the total possible increase in production in the 
case considered is 18.7^^. 

When making comparisons regarding power 
requirements it is of course necessary that exactly 
similar looms must be compared when weaving 
the same material, since the power taken varies 
considerably with different weights and widths 
of material. According to the latest measurements 
which were made on a Northrop loom a mean 
power requirement of O .305 kW with individual 
drive and 0.36 kW with group drive was obtained, 
and when these measurements were taken the 
number of passes of the shuttle per hour was 
7,650 and 7,140 (mean values over a consider¬ 
able running time). The power required per 
1,000 passes was thus in one case O .0399 kW 
and in the other case O .0504 kW, accordingly 
there is a saving of 21 



Group drive of Northrop loom. 



Individual drive of Northrop loom by belt. 



Individual drive of pUin loom by gearing, 
{Non automatic) 
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Fig. 5. Tachograph diagrams for looms. 


Individual drive not only possesses the ad¬ 
vantages stated above, but makes possible a 
great improvement in the lighting, cleanliness 
and general appearance of the plant, due to the 
elimination of the belt transmissions. It is only 
necessary to indicate the advantages an indirect 
or semi-indirect lighting scheme for a weaving 
shed with high candle power lamps, can afford 
in comparison with the very unsatisfactory light 
obtained with individual lighting from a number 
of small lamps. This question is particularly 
important in weaving coloured material of a dark 
tint, as due to insufficient lighting there is often 
a considerable loss of time in looming. The 
advantages of the individual drive are such that 
when a new installation is being considered the 
individual drive is the only one which can come 
into the question, since the saving which would 
be effected by using transmission drive shafting 
is offset by the lighter roof and pillar construc¬ 
tion which can be used, and accounts for the 
greater part of the increased cost which indi¬ 
vidual drive requires in comparison with group 
drive. At the same time it must be kept in 
mind that the advantages which are obtained 
with individual drive, consisting of increased 
production and improvement in quality of ma¬ 
terial, can only be obtained by some increase 
in the cost of the installation. 
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Fig. 9. Individual drive of Northrop looms. Belt drive. 


motor. It is to be noted that the eflficiency is 
practically constant between half load and full 
load, so that on the very variable load given 
by a loom a high mean value is obtained. 
Under present conditions it is found that with 
a price for power under 0.8 d. per kW hour it 
is cheaper to use a motor with normal eflficiency, 
while with a higher price for energy the more 
expensive motor is advantageous. 

Individual drive with belts. 

Loom motors are normally constructed totally 
enclosed and usually for a speed of 960 r.p.m. 
on 50 cycles. The stator is provided with two 
lugs for supporting the motor in a belt tighten¬ 
ing arrangement. The rotor is of the squirrel 
cage type and the copper bars of 
the rotor are rivetted into the 
short circuiting rings so that con¬ 
tact is obtained without the use 
of solder or welding. They have 
amply dimensioned shafts, with 
free shaft ends, and ball bearings 
are used. Figure 7 shows the 
manner of mounting these machines 
in the belt tightening arrangement 
for vertical drives, and figure 8 
shows the arrangement for hori¬ 
zontal drives. The last arrange¬ 
ment is commonly used when the 
motor is to be supported on the 
wall. It can accordingly be used 
without alteration for all types of 
loom and takes up an exceedingly 
small space. 

Two spvngs counterbalance the 


motors own weight, and the elastic 
suspension protects the loom 
against vibration and shocks. The 
same type of motor can be used 
for most of the other machines in 
the weaving shed, such as winding 
machines, warping machines, sizing 
machines etc. 

Figure 9 shows the motor in 
use with a Northrop loom. 

With belt drive it is not desirable 
to use a higher ratio than 1:5 or 
1:6 between the motor and the 
loom, as in other cases the angle 
subtended by the belt at the motor 
pulley is too small, and accordingly 
large losses occur owing to slipping, 
while starting is unsatisfactory. 
With larger looms, having a low 
spindle speed, lower motor speeds 
can be chosen, or a reduction 
gear can be adopted. Idle pulleys 
on the belt, which in the case of other machines 
allow large ratios to be used, cannot be per¬ 
mitted for looms. If the loom stops with the 
shuttle in the middle of its stroke very heavy 
strains occur when the belt is kept tight with 
an idle pulley which may cause breakage of the 
shaft or frame. 

Individual drive with gearing. 

Gear drive, which was at first only furnished 
for slow running looms (less than 160 passes 
per minute), was shown to introduce such ad¬ 
vantages in respect of efficiency and smooth 
running that it soon came into general use for 
higher speeds also, and displaced belt drive 
more and more. This has been contributed to 



Fig. 10. Individual drive of Northrop looms. Gear drive. 






by the fact that the | 
difference in first cost in 
comparison with indivi¬ 
dual drive by belting is 
very small, and the de¬ 
preciation of the gear 
wheels, which have a 
long life owing to the 
smooth running which 
takes place with the shock 
absorbers described be¬ 
low, is less than that for 
belts, and in addition, 
as we have already 
pointed out, an absolutely 
definite speed is obtained 
at the loom without con¬ 
stant supervision. 

As we have mentioned 
in connection with belt 
drive, there may be 
enormous strains in the 
gears when the loom is 
suddenly stopped due to 
the inertia of the moving 
parts of the loom, and 
to the flywheel effect of Loom motors with^ge, 

the motor.. In order to 

limit this value, the problems introduced were 
studied at a very early stage in the construction, 
and the large gear wheels have been made of 
the dastic pattern by embodying spiral springs 
between the rim and the hub. This was not 
entirely satisfactory and resort was soon made 
to a friction coupling between the rim and the 
hub. It was quickly apparent that metallic friction 
surfaces were unsatisfactory in the relatively damp 




- atmosphere of a weaving 

til shed. For friction sur¬ 
faces a material must be 
used which does not rust, 
and the coefficient of 
friction of which does 
not alter under varying 
atmospheric conditions. 
Such a material is hard 
wood or fibre, which 
has been used for a long 
time for similar couplings 
on wool looms and in 
other industries where 
a damp atmosphere is 
met with. 

The construction used 
I by Asea is shown in 
i figures 10 and 11. 

In a solid cast iron 
frame which carries the 
bearing for the driving 
axle of the loom, a motor 
is fixed in such a way 
that the centre distance 
between the motor and 

Loom motors with gears and slipping clutches, mounted driving axlc iS ad- 

upon looms. . - , . i.i* 

justable. By using dif¬ 
ferent gear wheels the shuttle speed of the loom 
can be altered. The frame is so built that motors 
for right and left hand looms can be placed 
side by side so as to take up the least possible 
axial length. Besides this the motor is free and 
can be easily changed if this should be necessary. 
The gear wheel, which is carried by the loom 
driving axle is arranged with friction arrangement, 
limiting the power which can be transmitted 
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through it. This consists of a cylindrical brake 
drum, which is keyed on to the driving axle 
of the loom, and upon it a brake band, faced 
with wood, which in its turn is fixed to the 
toothed rim. The last is suitably carried so as 
turn easily rovfnd the brake drum. The pressure 
of the brake band on the brake drum is secured 
by two strong spiral springs which can be easily 
regulated so that the coupling is sufficiently 
resistant to meet the torque necessary for starting 
the loom but slips if this amount of power is 
exceeded. In this way no excessive strains occur 
in the gear wheel or loom. When the loom is 
stopped the coupling slips, and the 
flywheel effect of the motor is brak¬ 
ed down. 

For heavy looms for wool etc., Asea, 
after careful trial, has introduced a 
special construction which is parti¬ 
cularly robust. In this construction, 
which is shown in figure 12, the fric¬ 
tion coupling already described has 
been used, and the drive is direct on to 


the loom axle by single reduction gear. For braking 
the loom a powerful brake arrangement is fixed 
on the loom driving shaft. The motor is sup¬ 
ported direct on the loom and drives through 
a friction coupling fixed to the toothed rim. 
As this part of the coupling can be turned on 
the loom shaft the motor can be connected be¬ 
fore the fixed part of the friction coupling en¬ 
gages, and starting is thus made easier. 

The motor is switched direct to the supply by 
the loom switch shown in figure 13, and which 
is type SB 320, supplied without fuses. We 
recommend that fuses should be placed in the 
distribution boxes arranged for a 
number of looms, otherwise they 
must be dimensioned for the indi¬ 
vidual starting current, making them 
considerably overdimensioned for 
normal working. The switch is in¬ 
terlocked with the operating gear 
of the loom in such a way that the 
weaver is able to stop both the loom 
and the motor with the same handle. 



Fig. 13. Loom motor sivitch. 


INDIVIDUAL DRIVE OF COTTON PRINTING MACHINES BY 

VARIABLE SPEED AC MOTORS. 


Roller printing machines, on account of the 
great output that can be obtained from them, 
have practically displaced other methods for the 
mass production of printed cotton goods. The 
construction which has been adopted is so 
adaptable that all the particulars given below 
regarding individual drives with variable speed 
AC motors hold 
good equally 
well for nearly 
all types of ma¬ 
chines found on 
the market. 

The effects 
which are ob¬ 
tained in weav¬ 
ing by the use 
of different co¬ 
loured yarn, are 
obtained quicker 
and more cheap¬ 
ly by printing. 

In printing the 
colours sink into 
the fibres of the 
material in the 
same way as a 
dys, so that the 
printing of cloth 
can be defined 


as a complicated example of dyeing. The roller 
printing machine works with rotating metal rolls, 
upon which the pattern is engraved. The material 
to be printed is run together with a felt guiding 
band, and a protecting cloth for this, between 
the above rolls and rotating cast iron cylinders, 
the number of these being determined by the 

number of co¬ 
lours which are 
to be used. The 
engraved cylin¬ 
der is filled with 
colour from a 
cloth covered 
wooden roller 
in contact with 
it which revolves 
in a colour 
trough while a 
spring steel scra- 
per removes 
from its surface 
all the dye which 
is not absorbed 
in the material 
covering it. The 
fully printed 
material is dried 
on heated rolls 
as soon as it 



Fig. I. Eight colour machine with* direct connected Asea three-phase commutator motor 
• and self-contained reduction gear. 
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leaves the printing machine or else is passed 
over specially heated boxes. The* colours are 
then made permanent according to their dififerent 
nature, after which the cloth undergoes a final 
finishing process. 

For the driving equipment of roller printing 
machines the first necessity is the possibility of 
obtaining definite speed regulation over a wide 
range which not only includes the normal running 
speeds determined by the quality of the mate¬ 
rial, but also the considerably lower speeds which 
are required for registering the rollers before 
startingprinting, and for checking and controlling 
the progress of the work. The step by step 
alteration of speed which is obtained when 
running from a line shaft with stepped pulleys 
fulfils the requirements very incompletely, al¬ 
though the method is often , used on account of 
the difficulties generally believed to exist in 
obtaining a suitable motor for direct drive. The 
machine which suggests itself is the DC motor, 
but apart from the fact.that in most cases DC 
is not available for driving the motor, these 
machines cannot in general be used bn a variable 
speed without special design. The known qua¬ 
lities of speed regulation of DC motors, by 
varying the field current, can often only be 
obtained by making use of special regulating 
units, or by the installation in the factory of 
a number of multi-wire DC systems with their 
own generators, which hx spite of their high 
installation cost, have nevertheless ■ been very 
largely used in a number of countries, showing 
unquestionably that there must be great ad¬ 


vantages in the possibility of a large amount 
of speed regulation. A common induction motor 
cannot be considered, as this only permits speed 
variation by introducing a resistance into the 
rotor circuit, and this regulation besides being 
exceedingly uneconomical, sinct the speed re¬ 
gulation is obtained by a large increase in losses 
due to the heating in the resistance, also gives 
the motor a series characteristic, L e. the speed 
varies with the load. 

For more than ten years Asea has been build¬ 
ing three-phase commutator motors of a con¬ 
struction covered by patents, which is exceed¬ 
ingly suitable for the drives in question. It 
permits of a continuous regulation practically 
without losses down to at least a third of the 
normal speed, simply by moving two sets of 
brushes in relation to one another by means 
of a toothed sector arrangement. Provided with 
a special regulating resistance this motor can 
also give the special low speeds necessary for 
registering etc. 

No special starting arrangements beyond the 
primary circuit breaker (motor switch case), are 
required, and the motor when starting develops 
a torque considerably in excess of the normal, 
permitting the printing machine to be easily 
started. 

The motor has further a shunt characteristic^ 
and the speed for each position of the brushes 
in nearly independent of the load, in contrast 
to that of the ordinary induction motor with 
rotor regulation and the series commutator motor. 



^ 1 * Drawing of a four colour machine, A. Main shaft. B, Bearini? 
in the frame, C. Press rollers. D. Printing rollers. Gear drive. ^ 





Fig. 4. Asea three*phase commutator motor with seIf«contained double 
reduction gear. 

For a further description of the motor the 
reader is referred to an earlier article in the Asea- 
Journal and the following article in this number. 

The power required by a roller printing 
machine varies, apart from the difference due 
to the construction of the printing machine itself, 
according to the material in use, to the number 
of printing rolls, the speed at which the material 
is run, and, to a lesser extent, the width of the 
quality. For different qualities 
different pressures are used on the rolls; the 
pressure should not be greater than necessary 
as the power taken during start depends to a 
great extent on this. A satisfactory pressure is 
almost entirely dependent upon the experience 
and craftmanship of the printer. As the power 
required is thus determined by a number of 
variable factors it is impossible to give any exact 
figures. The approximate requirement of power 
under normal conditions is in accordance with 
the following table, in which the highest and 
lowest values are taken from a paper (Guildford. 
Textile Printing Journal A.I.E.E. 1922), the 
mean values being from determinations made on 
plants equipped by Asea. With these values a 
cloth speed of about 80 metres per 
minute for a one to two colour 
machine, down to 40 metres per 
minute for the highest number of 
colour rolls is given by the table: 


The printing machine requires, as we have 
already said, a wide range of speed regulation 
within its normal working range. The highest 
speed of the material which can be used is 
chiefly dependent on the speed at which the 
drying can be continuously carried out after 
printing; with a thick colour absorbing material 
accordingly the speed is low, while for thin 
material a considerably increased speed can be 
allowed. For the speed variations depending on 
the quality of the material referred to above, 
a speed variation in the ratio of 1:3 is most 
suitable, i.e. for example a four colour machine, 
which is run at a highest speed of 60 metres 
per minute, may, for a different material, be 
required to run at as low a speed as 20 metres 
per minute. In addition to this regulation a 
further reduction in speed is required for re¬ 
gistering the rollers etc., for short periods in the 
ratio of 1:2 or 1:3, or in other words the lowest 
speed is about one-seventh or one-ninth of the 
maximum printing speed, or 5 to 13 metres per 
minute. For this it is clear that a machine with 
a large number of rollers printing a complicated 
pattern requires for careful registration, without 
wasting too much material, a considerably lower 
speed than when printing a simple pattern on 
a one or two colour machine. 

The driving shaft of the printing machine 
(fig. 3), i.e. the shaft from which the drums 
are driven by means of gearing, has in general 
a speed at the highest rate of printing between 
100 and 25 r.p.m., the higher speed for a few 
colours and the lower for a large number of 
colours. For connecting the driving motor to 
the printing machine the best method is by 
direct coupling to this driving shaft, but as 
the motor, both from the point of view of 
price and design, cannot be built for such 
a low speed as those given above, it is fitted 


No. of colour 
rolls 


Maximum speed 
of printing 

80-70 

70 

60 

50 

50-40 2 


1 Suitable motor 
output, h.p. 

6-9-12 

lO-J^-20 

12-j^-24 

15-^-35 

20-30/35- 


With increasing speed the power 
required increases much more ra¬ 
pidly than the printing speed, as 
shown by tlje curves in figure *2. 



Fig. 5. Reduction gear dismantled. 




Line 



a still larger number of rollers. This driving 
shaft can be retained and the gear of the motor 
provided with correspondingly lower gear ratio 
than it could be with a single reduction gear. 
By this means a cheaper arrangement is attained, 
although some drawbacks are introduced, par¬ 
ticularly that due to the necessity for placing 
the motor at a greater height above the ground 
level, since the second shaft lies above the main 
shaft. As regards the connection of the motor 
to the driving shaft the arrangements are the 
same as have been dealt with above. Chain 
drive, which is often suggested, is in general 
less suitable. 

Under all conditions the motor is erected upon 
a suitable base which may be of concrete. As 
it is relatively high, and as very careful erection 
is necessary with direct coupling with an extended 
driving shaft, the provision of this base should 
be very carefully done, and the permissible 
loading on the foundations should not be exceed¬ 
ed, on account of the risk of settling and con¬ 
sequent undue stresses in the shaft and bearings. 

The equipment of apparatus can be made 
more or less complete, from a simple motor 
switch case, to a push button operated automatic 
equipment arranged for convenient operation. 
The automatic equipment enables the printer to 
pay more attention to the actual printing, and 
when a complicated pattern is to be undertaken 
this is of considerable advantage. For small 


Fig. 6. Connection diagram for a push button operated equipment for 
a cotton printing machine. 

with a self-contained double reduction gear with 
a ratio between 1:15 and 1:40, depending on 
the speed of the driven shaft and that of the 
motor (figs. 4 and 5). These gears, which are 
furnished by Asea with wheels of special steel 
and of fine pitch, run in oil, and their efficiency 
is particularly high (98 to 99 ^). If the driving 
axle of the printing machine can be furnished 
with an outer bearing and the connection ef¬ 
fected through an elastic coupling, such an 
arrangement is to be preferred from all points 
of view. If this cannot be done on account of 
small available space or other reasons, the motor 
is furnished with an extended gear shaft for 
carrying the pinion of the gear driving the 
colour rollers, and this shaft extension is carried 
at its further end in a bearing in the frame of 
the printing machine. This arrangement does not 
however permit a careful adjustment of the 
bearing referred to, 

On six and eight colour machines the above 
main shaft is often driven by gearing from a 
second driving shaft having a running speed 
between 200 and 100 r.p.m. This arrangement 


machines for one and two colours an equipment 
consisting of a standard switch case with no¬ 
voltage release and ammeter is quite sufficient. 
The ammeter provides a good check for various 
operations, among others making it possible to 
arrange the same pressure on the rollers for a 
given material. In series with the no-voltage 
release can be placed one or more push buttons 
for bringing the machine to a standstill from a 
distance. The brush shifting arrangement is 



Running time 


is also adopted in all cases on machines having 


Fig.* 7, Production diagram. 


Speed of material 
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eflFiciency is Wte^as go3”?Dc“driv“ 

vided this IS erected like the switch case in a while it is much better ihL^nr f .l 
convenient and accessible position for the printer, of view of the simplicity of the * 

The alr.,d, daacribad is antiraly co»paZ„ » irdriv^frl 

satisfactory from the point of view of safety in few different speeds th! iSd.^I Ii ^ “ 

operation, but if a more convenient control a very considet^^^^^^^^ 

arrangement is desired, this can be obtained by account of the noc^sibilitt nf Production, on 
.push bu«o„ sys«», a„a.gadtogaparal,;: 

accordance with the connection diagram, figure 6 . suitable speed at all times ^ 

A push button board is mounted in a suitable The diagram figure 7 shows th.t thic ™ 
place on the frame of the printing machine, amount to about 16^ when changing ovtl 
and the printer is able to start and stop the from a transmission drive with four !neJd^ 
motor simply by pressing the button controlling having a total ratio of 1:3 which mft! 

starting the machine necessary to divide the production in a similar 
at the beginning of printing it is only necessary manner in accordance with the four definit! 
to see that both the brushes and the series speeds which lie in a geometric series Th! 
resistance, if one is provided, are in their low maximun speed with individual drite for tb! 

P«f"g the push button quality of material which before could t rt 
c the motor starts at its lowest speed, and at a higher speed than the highest which the 
as long as the button is transmission drive allowed, has only been 
down. On pressing the push button supposed increased by 10 ^, while tic high“ 
rb. T ■ 5 ^^“ after est speeds on the remaining steps with S- 

bv button IS re eased, until it is stopped mission drive are assumed to be unchanged 

by depressing the Stop” button. Several of These assumptions are actually exceeded on 
these control boards can be placed in convenient account of the smooth running which is’ ob- 
positions. As soon as registering is completed tained with a direct coupled motor. On taking 
the motor is accelerated to a suitable speed by account of this condition and of the time savinf 
toning the handwheel operating the brush gear which is obtained through the simpTcity of 
after first short circuiting the series resistance regulation the increased production due to the 
when one IS provided For control during the individual drive may be reckoned to reach 20 ^ 
progress of the work the speed can be reduced The cost of the eleLical equiplnt s tet bv 

an immediate f if the 

obtained jnHpl^ ^"crease 

by pressing 

down the’’Stop” WHKjlISFiilHf ^ 

button. " l >”^>^o<^uced 

Automatic re- ■ ^ 7 , the individual 

gulation can be x T.t rotary 

further develop- extile printing 

ed by providing machines may 

the brush shift- u 

ing gear with an been solved in 

operating motor a particularly 

so that the con- satisfactoryman- 

can be enti- 
rely carried out 

by means ofpush technical 

buttons. This standpoints by 

arrangement can Aseathree-phase 

only, be justified tor^^'^f^^df- 

large machil^Z "■•■'cWnes with direct connected Asea three-phase commutator contained reduc- 

o - motors. tioti gears. 
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ALTERNATING CURRENT MOTORS WITH CONTINUOUS SPEED 

REGULATION. 


This article deals only with motors where 
continuous speed regulation is possible, theore¬ 
tically as well as practically; i,e, where even a 
very small movement of the regulating mechanism 
gives a correspondingly small alteration in the 
speed. Consequently, motors with step-by-step 
regulation will not be discussed, but only AC 
commutator motors where the speed regulation 
is achieved by means of brush rotation. 

Regarding the single phase commutator motors, 
only the repulsion motors are capable of speed 
variation within wide limits. The repulsion mo¬ 
tor in its simplest form has a stator fractionally 
wound and a rotor similar to that of an ordinary 
DC machine. Only the stator is supplied with 
energy and the brushes are shortcircuited. If the 
brushes are placed in such a position that the 
rotor winding becomes co-axial with the stator 
winding, the motor acts like a shortcircuited 
transformer, and when the voltage is applied, 
it causes a heavy current in both stator and 
rotor windings. However, the motor has no 
torque as it has no magnetic field that can pro¬ 
duce a torque together with the current carrying 
conductors. If the brushes are rotated 90 electr. 
degrees in either direction no current is induced 
in the rotor conductors and the motor still has 
no torque. The current consumed by the stator 
winding is only equal to the necessary magne¬ 
tizing current. With intermediate brush positions 
the rotor current will not be excessive and the 
position of the rotor conductors in the stator 
field is such as to develop a torque which is 
adjustable from zero to a 
certain maximum by merely 
rotating the brushes. 

A closer investigation of 
the qualities of the repulsion 
motor not being the object 
of this article, it is only men¬ 
tioned here that the speed 
is conveniently adjusted by 
brush shifting from standstill 
up to a certain limit; further, 
the motor has series charac¬ 
teristics, z.e. the speed be¬ 
comes very high on light 
loads. Hence, it will be un¬ 
derstood that the repulsion 
motor is not generally suitable 
for industrial use where the 
speed must not vary very 
much from full load to no 
load. In some instances, when 
driving certain printing pres¬ 


ses or ring spinning frames, the load is very 
constant, and there the single-phase repulsion 
motor may be used to advantage. However, it 
should be observed that this motor is rather 
sensitive to variations of the line voltage, to 
such an extent that the speed varies a little 
more than the. voltage. At low speeds these 
variations may be excessive. 

The repulsion motor gives the best service at 
approximately synchronism as at this speed the 
commutation is facilitated to a certain extent by 
the existence of the rotating field. At higher 
speeds the commutating conditions rapidly grow 
unfavourable and repulsion motors should not 
be used at oversynchronous speeds unless they 
are very liberally dimensioned. 

An adjustable speed three-phase commutator 
motor can be designed either as a series motor 
or as a shunt motor. 

The three-phase series motor consists of an 
ordinary three-phase wound stator and a DC 
armature with a three-phase brush gear, each 
stator phase being connected in series with its 
corresponding set of brushes. Provided that the 
number of conductors in the rotor is suited to 
that of the stator, the motor thus composed, 
acts in much the same way as the repulsion 
motor. It has series characteristics and the speed 
is adjustable by brush rotation only. Moreover 
the commutation is at its best at synchronous 
speed and the commutating difficulties increase 
with the speed, although not nearly so quickly 
as with the single-phase motor. 

Since the rotor has to be 
wound for a comparatively 
low voltage — much less 
than that corresponding to 
standard distribution voltages 
— it is necessary to feed it 
through a transformer. By 
suitably designing this trans¬ 
former, it is possible to change 
the characteristics of the mo¬ 
tor from that of a series 
motor to something like that 
of a compound motor. This 
is achieved simply by satu¬ 
rating the core of the trans¬ 
former, as the rotor voltage, 
being zero at synchronism, 
tends to increase when the 
speed increases. The more the 
speed increases the more the 
transformer becomes saturat¬ 
ed and the greater the phase 
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displacement between the stator and the rotor 
current, with the result that the rotor torque 
steadily decreases. At a certain speed the motor 
cannot produce more torque than that necessary 
to cover its own losses, which means that it 
has gained a comparatively stable no-load speed. 
However, at speeds below synchronism it is 
not unlike a series motor. 

The three-phase shunt motor is, without doubt, 
the^ most adaptable motor for different purposes. 
This motor, developed by Asea and put on the 
market since 1914 in its variety of sizes, has 
been shortly described in a previous issue of 
the Asea-Journal. A general description of the 
more outstanding features of the motor with 
some of its .applications may therefore be more 
adequate. 

The motor can be switched in on full voltage 
with the brushes in the "start” position, and is 
capable of starting against nearly twice full load 
torque without the line current exceeding the 
normal by more than 30—50 The speed is 
adjustable from 50 ^ below synchronism to 
about 50^ above the same speed by brush 
rotation only, the motor thus being capable of 
speed variation within wide limits. The speed 
decreases a little from no-load to full load, and 
the speed drop, coimted in revolutions per mi¬ 
nute, is about the same at all brush positions. 
As regards the commutation, Asea’s three-phase 
commutator motor is superior to those mentioned 
above, since it works equally well at all speeds. 
Variations of the line voltage affect the motor in 
the same way as an ordinary induction motor, i.e. 
the speed drop increases a little when the voltage is 
lowered and^ decreases when th^ voltage is raised. 


I At present there are a great many industries 

-which require motors capable of an economical 

_speed variation within wide limits and which 

are practically independent of fluctations in volt¬ 
age and load. In all such cases, as for example, 
where motors for paper making machines, wheel 
lathes, are to be considered, the series motor 
is at a disadvantage. Only in such instances 
where the torque of the driven machine is prac- 

— tically constant has the series motor an oppor- 
_ tunity of competing successfully with the shunt 

motor. A ring spinning machine is an example 
where the series motor may be used and has 

— already been used with varying success, and it 

_ of interest to see what can be gained 

by the use of shunt motors instead of series 
motors for this special drive. 

— In order to get the highest possible produc- 

_I hon together with the best quality of yam, 

it is essential that the frame be driven at a 
Speed variable to such an extent as to keep 
the tension of the thread constant. Thus the speed 
•tor should be at a minimum when the yam is spun 
jue on a point of the cop where the diameter is small 
itor and greater when the thread is moved away 
ary from the centre of the cop. This means partly 
t it that the speed of the motor must vary periodi- 
ed. cally with the movements of the ring rail, and 
: is partly that the average speed must be kept low 
when spinning the bottom of the cop. Theore- 
bt, tically, the series motor can handle such a re- 
les. gulation equally as well as the shunt motor. • 



motoi type KV 21, S50—1.100 r.p.iii., 
380 volts, 50 cycles, constant brush positian, variable load. 
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Practically, there is 
a di£ference, and this 
difiference is due to 
the fact that with 
the shunt motor the 
speed follows the 
movements of the 
regulating mecha¬ 
nism much more 
closely than is the 
case with the series 
motor. Fig. 2 will 
explain this point 
more clearly. Two of 
the four curves plott¬ 
ed (A) refer toAsea’s 
shunt motor and the 
other two (B) to a 
series motor. ■ The 
two brush positions 
are so chosen that 
the speeds for.lOO % 
torque are 1,050 and 
1,020 r.p.m, rcspec- 
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Ffg. 4. Three phMC spinning motor type KV 21. Variable brush position. 
Constant torque corresponding to 8.5 h.p. at 1,000 r.p.m. 


tors installed had to 
be replaced by in¬ 
duction motors supp¬ 
lied with varying fre¬ 
quency. The shunt 
commutator motor 
now ojffers a much 
simpler solution of 
this problem. 

The influence of 
fluctuations in the 
voltage is of great 
importance. How the 
shunt motor compar¬ 
es with the series 
motor in this respect 
is clearly shown by 
the fact that 10 
variation in voltage 
causes at least 8 % 
variation in speed for 
the series motor, the 
corresponding figure 
being 1% for the 


lively for either motor. The decrease in speed shunt motor. A great manv “of the ' threT.! 

corresponding to an increase in torque of 10 ^, breakages which occur in slinnin? fartoriet 

ob.^ou,. ..p«u5rwL°L'.m.,t“lpX;c d"f 


man would be the case with the shunt motor. 
Due to- the shunt characteristic of this motor, 
me ^extra torque required, to overcome cold 
bearing friction, which occurs when the frame 
has been standing, will not cause any apnre- 


► auiuiuciuc re- 

gulator has, in some instances, not given full 
satisfaction owing to the great amount of work 
It had to do, the reason of which has been 
previously explained. Asea has. therefore in 
order to overcome the difflculti.es, developed 

tn^ rmo’ crb-J-ntii'n/v _ i ^ ^ 


ciable drop inl^ieed. Z ring , difflcuffles, developed 

tion' of the series motor imder these conditions of pinning shunt , motor, and the reports 

would reduce the outdut Tf the sdnrdng s P«formance are most en- 

which seems to have actually occurred fsee’’The cause to believe 

mectrician” 192VFeb. 4) ^e^ts ^o^ fetr^Sa^^ 
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Power station of the Soci4t4 de Ciments du Katanga, Belgian Congo. 2,200 kVA in Asea generators. 
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ASEA IN THE BELGIAN CONGO. 



Fig, 1, Ox and mule transport of machinery. 


Asea m 1923-1924 supplied and erected a distance made the price extremely unfavourable 
complete power plant of medium size for the (in 1923 the price per ton was £ 3. 10. 0, at 
Societe de Ciments du Katanga, a Belgian cement the border of Rhodesia), and it was accordingly 

COUlMnv in cmithAvri - ® ^ 


company in the southern 
Congo, As this is the 
first installation of its 
kind in that part of the 
world some particulars 
may be of interest to 
our readers. 

The province of Ka- 
tanga, a district rich in 
ore, at the source of the 
River Congo, has been 
colonised to a great ex¬ 
tent since the war by the 
Belgians, who have com¬ 
menced the construction 
of mines and have built 
railways for the tran¬ 
sport of ore etc. It had 
been necessary to ob¬ 
tain the cement required 
for these works. from 
Rhodesia, which lies 
about 1,000 miles to the 
south, and this great 



Fig. 2. 


Temporary slipway for lowering njaterial to the power station 
(seen on the left). 


found to be necessary 
to start a cement fac¬ 
tory in the district. At 
Lubudi, where the rail¬ 
way from Rhodesia cros¬ 
ses one of the tributaries 
of the Congo, there exists 
an unlimited quantity of 
material for making ce¬ 
ment, a small coal mine 
at Luena, about 75 miles 
to the north supplies 
the necessary coal, and 
from a waterfall 8 miles 
to the west of the rail¬ 
way sufficient power for 
the work is supplied. 

This waterfall, now 
known as the Kalule 
Chutes, has a fall of 
about 90 metres, and it 
is estimated that it can 
supply continuously the 
whole year round a maxi- 
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mum of 4,000 h.p. After the heavy rains which 
occur in January the river rises, and usually 
during March about five to six times this amount 
of power is available and this fact greatly in¬ 
creased the difficulties of carrying out the civil 
engineering side of the work. 



Fig. 3. Sleeping quarters. 


The cement mill requires when in full ope¬ 
ration about 1,500 h.p. which corresponds to a 
production of 160 tons of cement per day. In 
order to^^make certain of the power two gene¬ 
rator rfl|its. where installed, self-ventilating, and 
each of 1,100 kVA, 750r.p.m., 50 cycles, 3,000 
volts, power factor 0.75, three-phase, of which 
accordingly one is a stand-by. 

The generators, of which each is coupled to 
a Francis turbine, have at full load an efficiency 
of 93.5 and are excited by direct coupled 
exciters of 12.5 kW at 110 volts. The rise in 
voltage on switching off full load at 3,000 volts 
is 26^. The voltage is reduced by automatic 
regulators to its normal value in about 5 seconds. 



Fig. 4. A risky section. 



Fig. 5. Finishing and enamelling the switchboard at the power station. 


The power station building, which is situated 
at the bottom of a ravine 90 metres deep, is of 
brick and steel construction. It has a machine 
room with 3,000 volt switchgear on the first 
floor, 1,500 volt switchgear on the second floor, 
and lightning and surge protection in a small 
tower over the 1,500 volt switches. Each gene¬ 
rator unit is provided with all the usual instru¬ 
ments; a Tirill voltage regulator is used for the 
two machines. The generators are connected to 
two 3,000 volt busbars provided with isolating 
switches enabling them to be connected together. 



Fig. 6. Distribution board and 150 h.p. motor driving ball mill at 
cement works in Lubudi. 


From the busbar system three step-up trans¬ 
formers are supplied, each of 550 kVA, 
3,000/15,000 volts star connected and with neu¬ 
tral point brought out on the L. T. side, and 
extra terminals for ± 5 ^ on the H.T. winding. 
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Fig. 7. Cement works at Lubudi, 150 h.p. motor with switch case and Fig. 8. Rotary kiln with 48 h.p. motor in cement works at I.iibudi. 
starter. 


All instruments for both 3,000 and 15,000 
volts are mounted on a sheet steel switchboard 
erected against the wall of the machine room. 
Behind these switchboards all the station relays 
are mounted so as to be easily accessible for 
inspection and adjustment. All the oil switches, 
with the exception of the line circuit breakers, 
are operated through rods from the machine 
room. 

The overhead line between the station and 
the cement works is carried on wooden poles, 
and consists of four 25 mm^ copper conductors 
with an upper conductor of 50 mm^ galvanised 
iron earthed at every fourth pole. As this line 
is only tempora- 
ry, (it will be 
rebuilt later with 
reinforced con¬ 
crete poles), as 
much use as pos¬ 
sible has been 
made of growing 
trees along the 
route. These trees 
resist the climatic 
conditions better 
than trees speci¬ 
ally felled for 
poles. Over long 
stretches the line 
is at a very limited 
height above the 


ground (3 to 4 metres) as this was considered 
of small importance owing to the scantiness 
of the population and comparative absence 
of large animals. For transporting the heavy 
machine parts from the upper level to the 
bottom of the ravine, a simple slipway was 
constructed with steel rails parallel, to the pipe 
line, at a place where the side of the ravine 
was comparatively even and at a slope of about 
45°. All material was brought from the railway 
through the surrounding jungle by ox and 
mule haulage, and in spite of the primitive 
transport arrangements the whole of the work 
was carried through and the erection completed 

without any se¬ 
rious mishap. 

In the cement 
mill 8 miles from 
the power station 
are three step- 
down transfor¬ 
mers, each of 550 
kVA, 15,000/550 
volts and other¬ 
wise similar to 
the step-up trans¬ 
formers. These are 
placed in brick 
cubicles. The 
switchgear for 
these transformers 
and the main di- 
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stribtition board for the 
motors at the mill are 
erected in a substation 
in the works. 

For the cement works 
about 20 motors were 
supplied and erected, 
amounting altogether to 
about 1,200 h.p. 

All these motors are 
three-phase induction 
motors, 500 volts, 50 
cycles, of standard open 
type (Form B). They 
are specially insulated for 
the tropical climate and 
provided with dust-tight 
bearings. For the motors 
switch cases and starters 
were also supplied, the former of type SBO and 
the latter of types PTG, PTSO, PTO and PT. 

The erection of these machines included also 
the laying and connecting of all underground 
cables; the motors are connected to a common 
underground cable network and feeder cables 
are laid from the main distribution board to 
the motors lying some distance outside the 
works buildings. 

The plant, which was set to work at the be¬ 
ginning of March 1924, was entirely erected by 
Asea’s staff with the help of native labour. Up 
to the present date it has operated in a per¬ 
fectly satisfactory manner, showing that the 


machines and apparatus 
supplied by Asea are 
entirely satisfactory even 
under the difficult con¬ 
ditions and in the tro¬ 
pical climate. 

On account o f the warm 
and damp air in the 
power station, the in» 
sulation resistance of the 
generators is lower to a 
certain extent when the 
generator is out of ser¬ 
vice for a considerable 
time, but it never falls 
below the value allowed 
by the English Standard¬ 
isation Rules, and this 
shows that the construc¬ 
tion fully satisfies the conditions in spite of the 
fact that no special investigation was first car¬ 
ried out regarding temperature and humidity. 

For another company, T Union Miniere du Ka¬ 
tanga, which owns and operates several copper 
mines in this district, Asea supplied at the be¬ 
ginning of last year three single-phase oil in¬ 
sulated and water-cooled furnace transformers, 
type EVO-50, of 480 kVA, 6,600/40-50-60 
volts, 50 cycles, with necessary switchgear. These 
are erected in Panda, a large district lying about 
120 miles to the south of the plant at Lubudi 
described above, and where I’Union Miniere 
has a large concentrating plant for copper ore. 



Fig. 10, L’Union Mini6re dii Katanga, Panda. Three furnace 
transformers of 480 kVA, 6,600/40—50—60 volts, 

50 cycles. 



Fig. 11, Camp. 






CONSIDERATIONS IN THE PROVISION OF GOOD ARTIFICIAL 

LIGHTING. 


1. The Physical Properties of Light 

It is light which enables us to appreciate the shape 
and colour of the objects which surround us, if we 
disregard the limited possibilities in this respect derived 
from the sense of touch. For this purpose we are pro¬ 
vided with an optical apparatus, the eye, the function 
of which is to produce an image of the objects looked 
at, and to transmit this to the brain by means of the 
optic nerves. Light, is at the present time considered 
to be a wave motion in the etner and it is concluded 
that light waves only differ in their length from other 
electromagnetic wave motions, Rontgen rays, heat waves, 
wireless waves, etc. 

Light is propagated at a speed of 300,000 kilometres 
per second in a vacuum, but the speed is not the same 
in materials such as water or glass. In water the speed 
is only 225,000 kilometres per second. 

Light of different colours is propagated with the same 
speed so that the equation 300,000,000 m is true 
for light of different colours. Ordinary daylight which 
the eye appreciates as white (colourless) light, is not of 
a single colour, monochromatic, but is made up of a 
number of different colours viz, violet, indigo, blue, 
green, yellow, orange and red, which, when they affect 
the eye in correct proportions, are appreciated as white 
light. 

The colour of light is determined by its wave length. 
The variations in colour for different wavelengths can be 

/ y ^ variation in 

^ pitch for different 

-- ^lengths of sound 

-waves. 

I-When sunlight 

^ traverses a glass 

^ prism or a simple 

-^ lens it is broken 

Fig. 1 . up and a spect- 

.f . Is formed. 

In the visible part of the spectrum the red rays have 
the greatest wave length and are least refracted, so that 
thev are found at one end of the visible spectrum. The 
shortest wave length and are most 
are accordingly found at the other ex- 
tremity or the visible spectrum. 

ic longest waves constituting red light 

*e length of the shortest rays con- 

how«“« Ti® Beyond these limits. 

Mue\er, there exist in visible rays of other wave lengths 

^c^'X beyond the red part of he 

spectrum, the so-called infra-red. are appreciated by us 
as heat rays. In this part of the spectein wi^vK haw 
f/'k “P '^^^e length of ^d 

lensth^can wireless waves, whose 

length can be reckoned within the limits of one and 

several thousand metres. The invisibTe and so-called 

blen’^anlrrk of 0.00029. and have 

chemic?! *ey exorcist a strong 

2. The Structure of the Eye. 

pos- 

which looked .! „ 1 . nSSVSffi” 


of its structure in order to study the various prob¬ 
lems in lighting. 

The eye can be most simply regarded as a camera 
obscura. The dioptric apparatus of the eye, fig. 1, con¬ 
sists of the cornea H, the aqueous humour W, the 
iris I, the lens K, the membrane V, and the retina R. 

When light enters the eye it traverses several media 
with various refractive indices and falls on the retina 
where a greatly reduced inverted image of the object 
regarded is formed « . 

(fi|. 1). 

In a simple pho- A 

tographic lens the--- 

light is resolved in _ 

the same way into ^-- 

a picture, but the A ^ C 

different wave W 

lengths are not re- ^ | 

fracted to the same yellow red 

extent and accord- p. 2 

ingly meet the axis 

of the lens at different points, compare fig. 2. 

As the screen upon which the picture is formed 
cannot be placed at more than one point, for example 
at (A) the edges of the picture become blurred and 
coloured by yellow and red rays. This phenomenon is 
known as chromatic aberration, and can be overcome 
to some extent by using several lenses manufactured 
from glass having different refractive indices and com¬ 
bined together into a compound lens. We then obtain 
what is known as an achromatic lens system. The sphe¬ 
rical aberration of such a lens consists of the rays which 
traverse it in the neighbourhood of its edges and are 
not refracted to the same extent as those which traverse 
it in the neighbourhood of its axis, fig. 3. This cha¬ 
racteristic can be overcome suitably by limiting the 
radius of curvature of the lens surface and by combin¬ 
ing several lenses into a system which is then known 
as aplanatic. 

The eye is both achromatic and aplanatic, and as we 
have seen before, the light rays in this case pass through 
bodies having different refractive indices combined 
together into a single system. 

We can imagine the dioptric system in the eye as 
represented by a simple convex lens which, as we know, 
redacts parallel rays in such a way that they come to 
a tocus at a point behind the lens known as the prin- 
assumption that the angle of vision 
IS sumcjently great, the eye can picture an object at a 
distance. The principal focus of the eye coincides 
with the position of the retina. But as it is possible to 

see objects lying —- 

neater the eye. the 

rays from which are -—— 

divergent when thev —---- _ 

reach the eye and - ^ ^ * ’ 

still form an image W 

on the retina, while- 

the refractive power F'S- 3. 

** follows that the eye 
nowf liiV* ability of altering its own refractive 

at whieWk»“ I®?®* f*'® distance . 

aLJil f? he. The lens of the eye 

® to alter ite own form by the exertion of 

its ^he position of 

Ite pnncip^ focus, so as to adapt itself to varying 

to?we“FurtL^^k® hnown-as'the*^accommodated of 
the eye. Further, the eye is able to regulate the amount 
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should be evenly distributed but not so much dijffused 
as to furnish an unsatisfactory amount of relief, making 
the objects give a flat impression. This may be exempli¬ 
fied by a photograph taken of an object in difiused 
light, the result being quite flat, whereas in order to 
be satisfactory the contours should come out boldly. 

We must remember that we are able to see illumi¬ 
nated objects owing to their ability to reflect light. In 
order that an object which is only of one colour may 
be clearly visible, it is necessary that there should be 
a certain contrast in the reflected light. 

DifiFused light should accordingly not be entirely 
wanting in direct rays. 


Table 1. 


of light which enters it by means of the iris, so that 
this amount is kept as constant as possible. The regu¬ 
lation of light which is permitted in this way is con¬ 
siderable. As an example it may be stated that the eye, 
without great difficulty, can adapt itself for an illumi¬ 
nation of 150,000 lux, which may be expected on a 
cloudless summer day when the sun is in the zenith, 
and also equally well for an illumination of 400 lux 
which may be expected when the sun is in the neigh¬ 
bourhood of the horizon. The cloudless summer sky 
has an illumination of 0.4 lux. 

The sensitivity of the eye to colours is not yet fully 
understood but appears to depend upon the fact that 
different "rods and cones” on the retina are affected by 
different colours, and which, when they are acted upon 
by the colours in the correct proportion which go to 
make up daylight, produce the sensation of white light. 


3. Vision, 

A necessity for vision is that the objects regarded 
should be thrown in sharp focus upon the retina of 
the eye. In order to attain this, the eye endeavours to 
accommodate itself, and to regulate the light entering 
until this definite image is obtained. 

The regulation of the eye is not obtained without 
effort, particularly when it has to be done rapidly, so 
that sources of illumination which have a continuously 
varying strength, making it necessary for the regulating 
apparatus of the eye to be continually in operation, 
are particularly tiring, both to the eye and to the brain. 
For weak light, even if this is particularly constant, the 
eye may also be damaged, since it is continuosly sub¬ 
jected to overstrain. 

If the eye is subjected to strong light, as for example 
by looking at the sun, at an electric arc, or at certain 
gas flames used in connection with welding, the eye 
will also be injured. This is particularly the case if the 
source of illumination is rich in ultra-violet rays, as 
is the case with the electric arc, the quartz lamp etc. 

To enable the eye to focus an image upon the retina, 
which can be received by the brain without undue 
strain, it is necessary that the illumination of the object 
in question is suitable to the requirements of the eye. 

Langley discovered that a definite amount of light 
energy was required in order to obtain a visible image 
upon the retina. With, green light 10-8 ergs are required 
in order to obtain suitable sensation, on the assumption 
that the energy is furnished in 0.5 seconds. With the 
deepest red light 10-3 ergs are required during the 
same time. If this is expressed in watt hours, then 
27.8 * 10-20 Wh are required for green light, and 
27.8 • 10—13 Wh for red light. He also stated the sen¬ 
sitivity of the eye to different varieties of light in com¬ 
parison with one another, table 1. 

Vision also depends upon the colour of light .and 
upon certain contrasts in the illumination. Illumination 


Colour 

Dark 

Red 

Red 

Orange 

Yellow 

Green 

Blue 

Violet 

Wave 

length 

75- 

65- 

60- 

58' 

53* 

47- 

40*10-5 

Relative 

sensitivity 

1 

1,200 

14,000 

28,000 

100,000 

62,000 

1,600 


4. Photometric Units, 

In Scandinavian contries, and also in Germany, Hol¬ 
land, Switzerland and some other places, the Hefner 
lamp is used as the unit of light and is known as the 
Hemer unit. The construction of the lamp is deter¬ 
mined according to a definite specification. It must 
have a wick 8 mm in diameter, and must burn with 
a flame 40 mm in height in air free of carbon dioxide 
with a certain dryness and barometric pressure. The 
candle power in the horizontal direction is that of a 
Hefner unit, or what is usually known in Sweden as 
a normal candle power. In England, France and Ame¬ 
rica the so-called standard candle (the decimal candle) 
is used, which is somewhat greater. 

1 standard candle power — l.ii Hefner unit. 

For a given lamp the strength of light in a given 
direction is the same at different distances from the 
lamp, and is measured by the number of Hefner units 
which will give the same illumination at the same 
distance. The illumination at different distances from 
the lamp accordingly varies. 

In order to compare sources of illumination a spe¬ 
cial measuring instrument known 
as a photometer is used, see sec¬ 
tion 11. 

The unit of illumination is 
called the lux. A lux is the illu¬ 
mination obtained on each square 
metre at the surface of a sphere 
of 1 metre radius with a source 
of illumination at the centre 
equal to one nor¬ 
mal candle. 

The quantity of 
light, stream of 
light, or light flqx, 
which proceeds 
from a source of 
illumination within 
a given solid angle 
is measured in lu¬ 
mens. From a point 
source of light of 
. one normal candle 

’ there proceeds in 

all directions ac- 
Fig. 6. . . cordingly, 4?r lu- 






^ ' mens. One lumen is 
£k (W the quantity of 

' light proceeding 
r iLJ\ JBl through a unit so- 

/lilllll /d \ X H fr* X angle from one 
/ lllll 1 / Iffl/I \ / \ normal candle. We 

/ lilvi I ( III I ] ( w J make use of the 

I lUjiyp I V /V J following symbols: 

xr / = Strength of 

Fig. 7. Fig. 8. light in nor- 

mal candles. 

En = Illumination, lux (Lx) = lumen per m®. 

0 — Stream of light, lumens (Lm). 

A — Area of the illuminated surface in square metres, 
a = Area in cm® of the illuminant body. 
e = The brightness of the illuminating body in normal 
candles per cm®. 

r = Distance between the source of illumination and 
the illuminated surface, m. 

a ~ Angle between the ray of light and the normal to 
the illuminated surface. 

to = Solid angle occupied by the outgoing rays of light. 

In accordance with Lambert’s law the general con¬ 
nection between E and I is given by the following 
equation: 

ii n = -r cos a = - J-J lux 
r- dA 

^ j I-A'QQSa^^^ 

(o =--- ^E'A lumen 


e = -j- normal c. p. per cm®. 

Quantity of light = 0 • f lumen seconds. 

To determine the lighting characteristics of a lamp 
by giving the number of normal candles to which it 
IS equivalent is an inexact method, since, as shown in 
fag. 4, the strength of the light varies in different di¬ 
rections. The figure shows the distribution of light as 
^ ^ vertical plane for a lamp hanging verti¬ 

cally. The coi^nuous line shows a metallic mament 
lamp, and the dotted line a carbon filament lamp. 

rig. 5 shows light distribution curves in the vertical 
plane tor a half-watt lamp hanging vertically. On ac¬ 
count of the fact that the strength of light from a lamp 
varies so much in different directions, as shown by the 
fagures, we speak of horizontal, spherical, and hemi¬ 
spherical mean strength of light. 

.11 illumination Ih of a source of 

mean value of the strength 

throS Ae 

Strength of light lo for a source 
of 

to 

a of light 7. for 

a source of light is meant the strength of a point 

ftf li»kl * * hemisphere affords the same stream 

of hght as the source of fight to question. 

chamLri^Pr? *f.estimating the illumination 
streak a lamp is to rive the value of the 

number of lumens which pro- 
compare table 4. ^ 

dent nJl A “ Otherwise only depen- 

®’\tiie ■v^ieal component of the quantity of lieht 
In order to drtermine the illumination on a surface 

M wS "twW^ consideration die ^ I 

at Which the hght rays meet the surface, so that as 


regards the strength of the light one works from the 
light distribution curve of the lamp in its fitting. 

Assume that the strength of light in the direction 
normal to an element of surface is The illu¬ 
mination on the element is then: 


E = -^- cos a 


and cos a 


but r®=iia® + /i® 


l/(a>-|-h’) “A 


By estimating the illumination on several surface 
elements we are enabled to plot horizontal illumination 
curves. It is also possible to make use of graphical 
methods which with less trouble lead to results equally 
good from a practical point of view. 

5. Properties of Sources of Light 

In the choice of artificial light so many different and 
disconnected factors must be introduced that we have 
to attempt to make the result obtained as suitable as 
possible, having regard to the particular requirements 
of the lighting installation. The most important factors 
are that the lighting shall be satisfactory optically, 
and that running and installation costs must be kept 
within reasonable limits. 

The sources of light at present in use to any great 
extent in industrial service are the electric light and 
certain kinds of gas lighting. For electric light, incan¬ 
descent lamps with carbon and metal filaments, arc 
lamps, mercury vapour lamps, glow lamps and Moore’s 
vacuum tubes etc. are used. As regards gas lighting coal 
gas and acetylene are most usual. Of sources of electric 
light metal filament lamps have by far the greatest field 
of use, both for industrial work and private house 
lighting. 

Modern lamps are worked in general at a very high 
temperature, as one in this way is successful in trans- 
torming a greater part of the energy into light and the 
erfaciency of the lamp is increased. In this way the 
colour of the light approaches more towards the violet 
side or the spectrum, and is richer in rays of short wave 
length. 

The temperature of the incandescent filament in an 
ordinary metal filament lamp, which requires one watt 
per candle power, reaches approximately 2,100”C;the 
lamp has a life of about 2,000 hours, and the effici¬ 
ency = 5.5 %, If the temperature is increased to 2,800”C 
by increasing the voltage the power required is only 0.5 
efficiency is 12 %, but the life 
pt the lamp is decreased at the same time to a few 
^urs only, on account of the rapid vaporisation of 
the metal m the filament, the temperature of which 
comes very close to the melting point. 

The efficiency of a lamp in % is: 

^ _ radiated lighting effect ♦ 100 
total power consumption 

_ 2. Efficiency of lamps, 

_Source of Light o/ I 


Paraffin lamp . 

Vertical incandescent gas mantle. 

Carbon filament lamp . 

Metal filament lamp .1 

Half-watt lamp... 

Flame arc lamp >.. 
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One of the chief causes of the unsuitability common¬ 
ly found in modern sources of light is their brilliancy, 
by which is meant that the strength of light per unit 
or surface of the glowing illuminant in c. p. per square 
centimetre, or beam intensity. In order that the bril¬ 
liancy of a source of light shall not be dangerous to 
the eye it shouM be taken care that this does not 
exceed 0.4 c. p. p*er square centimetre. 

Table 3, Intrinsic brilliancy of different sources of light 


Source of Light 

Brilliancy — 
Normal c. p. 
per cm^ 

Paraffin lamp . 

0.62—1.5 

Incandescent gas mantle (vertical). 

Acetylene . 

3.2-5.7 
6.0—9.0 

Carbon filament lamp 3.1 watts per 
Tioi'^^al c. p.. 

.70-80 

Carbon filament lamp 3.1 watts per 

nnrmal c n. ffrofstedV . 

0.5-1.0 

V* a ••• ••• ••• ••• ••• ••• ••• 

Metal filament lamp l.l watts per nor¬ 
mal c. p. . 

150 

Metal filament lamp l.l watts per nor¬ 
mal c. p. (frosted) . 

0.3—0.6 

Half-watt lamp 0.5 watts per normal c. p. 
Half-watt lamp 0.5 watts per normal c. p. 
(frosted). 

800 

1.2—1,6 

Olow lamn .... 

0.O2 

Moore's vacuum tube ... 

0.04—0.25 

DC arc lamp . 

3000 


From the table we find that a powerful paraffin 
lamp is already of a brilliancy injurious to the eyes, 
and the brilliancy of a half-watt lamp which goes up 
to 800 c. p. per square centimetre should not be allowed 
in the line of sight. By hanging lamps in a suitable 
manner and providing them with proper reflectors and 
hosted globes the excessive brilliancy can be somewhat 
mitigated. 

The colour of the light is another factor which is 
not unimportant. It is well known that we cannot 
exclude certain colours in lighting with ordinary incan¬ 
descent lamps. It is particularly difficult to exclude 
the light rays of short wave length giving the blue and 
violet colours etc., since the rays of these colours are 
not present in large numbers. 

The colour obtained from a source of light depends 
on the material which gives rise to the light. Incan¬ 
descent bodies exhibit in general a continuous spectrum,, 
i. e. a spectrum which resembles that of the sun. On 
account of the lower temperature and simple compo¬ 

Table 4. Candle power and Consumption of Lamps, 


Vacuum Lamps 

Gas Filled Lamps 

Mean 
horizontal 
c. p. 

Total 
quantitf 
ty of 
light 
lumens 

no volts 

220 volts 

Con* 

sumption 

watts 

no volts 

220 volts 1 

Coni' 

sump* 

tion 

watts 

Con- 

sump* 

tion 

watts 

Mean 
horizontal 
c. p. 

Total 
quant, 
of light 
lumens 

Mean 
horizontal 
c. p. 

Total 
quant, 
of light 
lumens 

5 

10 

16 

25 

•32 

50 

100 

50 

100 

160 

250 

320 

500 

10^ 

7 

13 

18 

25 

32 

50 

100 

14 

21 

30 

36 

55 

105 

60 

75 

100 

200 

300 

500 

750 

60 

80 

108 

250 

407 

717 

1155 

755 

1005 

1355 

3140 

5100 

9000 

14500 

43 

63 

92 

210 

345 

650 

1015 

540 

790 

1155 

2640 

4330 

8150 

12750 


sition of the incandescent bodies we employ, the light 
is, however, not similar to sunlight, and the resulting 
colour is usually quite different. 

Incandescent gases exhibit a line spectrum, and 
the light in general differs more from daylight than 
that given by incandescent solid bodies, compare for 
example the mercury vapour lamp. 

In nearly all places now, use is made of the electric 
light, and in general incandescent lamps are used. 
Incandescent lamps require no attention and can be 
instantly lit. They give rise to no vitiation of the 
air and are noiseless. They also reduce the danger of 
fire or explosion, and can in a high degree be adapted 
to existing conditions, while they can be made in 
practically all sizes and are, above everything, cheap. 

6. Different kinds of Lamps, 

Carbon filament lamps are provided with a filament 
of carbonised fibre material enclosed in an exhausted 
glass bulb. They are seldom used for continuous 
lighting on account of the relatively large amount of 
energy they require, 3.1 to 3.3 watts per c. p., and their 
relatively short life, which is about 500 hours. They 
are besides susceptible to voltage variations by reason 
of the fact that the coefficient of resistance of carbon 
is negative. 

Metal wire lamps, which are furnished with a metal 
filament, have displaced most of the other kinds of 
electric lamps. They were originally made from the 
metals tantalum, wolfram and osmium, or from an 
alloy of osmium and wolfram known as osram. At the 
present time they are nearly always made from wolfram 
since COOLIDOE in 1920 succeeded in producing drawn 
wolfram wire. The melting point of wolfram is ap¬ 
proximately 3,160** C. In a vacuum 220 volt wolfram 
lamps have a filament with a diameter of O.oiS to 0.034 
mm and a length of 725 to 1,040 mm respectively, 
the temperature being approximately 2,100°. By filling 
the lamp with a chemically inert gas (nitrogen or argon) 
at a pressure of 0.67 atmospheres at 0° C the vapori¬ 
zation of the filament is considerably reduced and the 
temperature can be increased to about 2,500° without 
greatly lowering the life of the lamp. A much more 
powerful light is obtained in this way. The gas filling 
the globe possesses the disadvantage that it is a con¬ 
ductor of heat, so that special precautions must be 
taken to reduce the heat radiation from the filament, 
and this is done by winding the filament wire into a 
spiral. In evacuated lamps this is not necessary as the 
vacuum acts as a heat insulator. 

Wolfram at 0° has a specific resistance of O.o^7 ohms 
per metre and square millimetre. The resistance increases 
rapidly with increasing temperature, and at the working 
temperature for vacuum lamps is about 12 and for gas 
filled lamps about 16 times as great as 
it is at 0° C. 

When switching on lamps a current 
rush is accordingly obtained which 
rises to 12 or 16 times that of the nor¬ 
mal current and with a 25 c. p. vacuum 
lamp reaches its full value after 0.1 secs, 
and with a 100 c. p. lamp ^er 0.15 
secs. The time for lighting a 500 watt 
gas filled lamp is about 0.3 secs., and 
is about 0.4 secs, for a 1,000 watt lamp. 

On account of the great positive 
temperature coefficient, metal filament 
lamps are not so sensitive to voltage 
variations as carbon filament lamps. 
Vacuum lamps require, according to their 
size and voltage, between 1.25 and 0.8 

















66 


ASEA-TOURNAL 


wafts per c. p., and have a 
life or about 1,500 hours, if 
we understand by life the 
number of actual burning 
hours before the lamp gives 
out. Gas filled lamps require 
. between 0.85 and 0.5 watts per 
)c. p., and last on an average 
for 1,000 actual burning hours. 

One cannot reckon on a 
consumption of 0.5 watts per 
c. p. except for the larger types 
of gas filled lamps of 300 c. p. 
and above. 


[led lamps of 300 c. p. 


Arc lamps are not very 
Rg- 9. much used in these days either 

^ , for indoor or outdoor light¬ 

ing. The source of light consists partly of the glowing 
extremities of the carbon between which the arc is 
s^uck, and partly the carbon particles which are 
thrown out from the extremities and are brought to a 
white heat by the current in the arc. The temperature 
is exceedingly high, about 3.500^ so that 
the light of the lamp, with a suitable adjustment of 
the carbons, is rich in blue and violet rays, and re¬ 
sembles daylight more than the light obtained from any 
omer artificial source. These lamps were accordingly 
^ formerly in places where it was necessary 

to differentiate between colours by artificial light. 

1 ^ lamp with electrodes of carbon requires 

between 0.9 and 0.7 watts per c. p., and a flame arc 
lamp 0.25 to 0.17 watts per c. p. 

^c lamps require a good deal of attention as the 
carbons must be continually replaced, so that the running 
costs actually come out higher than those for gas filled 
incandescent lamps. In addition they emit gases and are 
not so wfe as incandescent lamps, they are more expen¬ 
sive in first cost and cannot be installed in such suitable 
units. For these reasons they are now very little used. 

For colour matching purposes incandescent lamps are 
now made with special screens, which are known as 
daylight lamps and which will soon displace arc lamps 
from this field also. Daylight lamps are gas filled in¬ 
candescent lamps provided with a filter made by a 
patented process which consists of several coloured 
sheets of glass placed over one another according to 
definite rules, so that most of the red and yellow rays 
are absorbed, and the colour of the light approaches 
closely to that of daylight. The lamps are provided 
with reflectors, so that the absorption of light by the 
falter IS to some extent compensated for. 

Mercury ypour lamps give the well-biown greenish 
coloured light. The illuminant is mercury vapour. The 
lamps consist of glass tubes which can be made up to 
one metre in len^. At each end of the tube electrodes 
are placed. One electrode is in connection with the 
mercury container located at one end of the tube. The 
lamp is started by tilting the horizontal tube so that 
the mercury in the container comes in contact with 
the second electeode. Current then passes through the 
lam^ When the tube is brought back to its normal 
position the connection through the mercury is broken, 
and the tube is filled with glowing mercury vapour 
which acte as a conductor of electricity and as an 
illuminant. The light from the lamp is of a single 
colour and gives great clarity of detail to any object 
regarded, ^le brilliancy is not great, and the illumi- 

being widely spread out 
which makes for a good distribution of light. 

The light, however, is cold and unpleasant. Faces 
appear greenish gray and corpse-like, so that the light 
IS unsatisfactory for many, purposes. 


i The quartz lamp is a smaller and more convenient 
t lamp of a type similar to the mercury vapour lamp 
in which the illuminant is made of quartz. 

Mercury lamps of 300 c. p. require 0.68 to 0.85 watts 
per c. p. 

As such lamps, however, have no particular advan¬ 
tages over incandescent lamps and certainly have a 
number of disadvantages, they have fiot been used to 
f^y great extent. They are, for example, not easy to 
install, require mechanical arrangements for lighting them, 
cannot be worked in all positions etc. 

A number of industrial undertakings in America are 
^se, it is understood, of mercury-vapour lamps. 
The Moore light is produced in a rari^d gas me¬ 
dium similar to that of a vacuum Geisler tube, and 
works with high tension electric current by which the 
tube is made to glow. This light is used for advertis¬ 
ing purposes. 

The glow lamp has the appearance of an ordinary 
incandescent lamp but is otherwise constructed some¬ 
what on the same principle as a Moore vacuum tube. 
As the electrodes, however, are placed very close to 
e^h other, ordinary lighting pressures can be used. 

1 ^ reddish colour and as in the case of 
the Moore light the brilliancy is very small. The lamp 

and^n* ht 1*^1?^^ advertising purposes 

7. Fittings and their effect on the illumination curves of 
Lamps. 

The functions of shades or reflectors are: 

7 . ° and to give a 

certain diffusion so that it can be made use of in the 
best possible way. 

ligh\ protect the eyes against the direct rays of the 

1 - reflecting surfaces absorb a large part of the 

light. It IS accordingly important to make the re¬ 
flectors from a material which absorbs the light to the 
least possible extent. The colour of the reflector has 
an influence on its properties of light reflection. 

Porcelain has shown itself to be very effective as a 
reflector, but as this material is bad from the point of 
view of stren^h shades of steel plate are being in- 
CTeasingly used with the active surfaces white enamelled. 
These shades absorb 35 % of the light falling on them, 
but are very satisfactory in other respects. Their effi¬ 
ciency is independent of the length of time they have 
been in use if they are kept clean. Less suitable re¬ 
flectors are made of sheet metal covered with white 
lacquer. Where there is no risk of breaking the shade 
opal glass etc. may be used. 

In ce^in ^es of fittings reflectors are furnished 
made either of glass or polished metal. 

As reprds the shape of the reflector, this is of par- 
ticular import^ce, and must be determined with the 
greatest care. Likewise the position of the lamp with 
respect to the reflector is exceedingly important if good 
results are to be obtained. 

It is entirely incorrect to & 

imagine that equally good /TK 

results can be obtained by 

the use of any kind of lamp 

in a certain fitting. The re- 

fleeter should extend so far 

over the lamp that the eyes are 

not dazzled. Fig. 9 illustrates H 

an arrangement which is often 

seen but which constitutes an 

example of how a shade should 

not b^ placed in respect to L - 

the position of the lamp. Fig lo 





ASEA-JOURNAL 


67 



Fig. 11. 


Fig. 10 also shows an improvised and incorrectly 
placed reflector which is not deep enough to protect 
the eyes against the light. 

Fig. 11 shows a fitting which has been called the 
'’\^ctoria Lamp” and which is very effective in rooms 
with light coloured ceilings and walls. The fitting is 
supplied in burnished or oxidized brass and has an 
oval globe. It is suitable for supporting by a rod or 
chain, or for mounting direct on the ceiling. It gives a 

E leasant light which is entirely free from glare and the 
ght distributing properties are exceedingly good. Part 
of the light strikes the ceiling and is reflected down 
to the floor. The plain surface immediately around the 
globe is of clear glass so that the strongest light is thrown 
downwards. This fitting has the great advantage that it 
is easily kept clean and no dust can easily lodge on 
the polished surfaces. It is suitable for use in all rooms 
having light walls and ceilings such as offices, shops, 
schools, council chambers, and places where fine ma¬ 
nufacturing work is carried on. 

8. Design of lighting installations. 

The design of lighting installations is in most cases 
done in a haphazard manner, or at most based on practi- 
tal experience only. The number of lamps of a certain 
type is estimated, or else certain rule of thumb methods 
are made use of, as for example that for indoor lighting 
one should reckon with a certain number of candle 
power per unit of floor area. In this way a first class 
and economical installation can never be obtained. 

From what has been said earlier in this article it 
will be appreciated that a lighting installation is not 
so simple that it can be left entirely, as iS often done, 
to qualified wiremen. The problem of lighting actually 
gives rise to greater difficulties than most other problems 
which come junder the consideration of engineers, since 


it is not only a matter involving physical and technical 
questions, but introduces also factors of a physiological 
and psychological nature. 

There are still to be found many men at the head 
of all branches of industry who have a considerable 
distrust of everything included under the heading of 
theory, and regard anyone who seeks to assist practical 
ends with a certain amount of theory as incapable to 
say the least. It is however undoubtedly true in all 
modern industrial work that theoretical methods must 
be made use of in order that practical application may 
proceed along correct lines. 

The chief requirement of a good lighting installation 
is that the resulting illumination shall in the greatest 
possible degree supply the want of daylight. 

This implies: 

1. That the lighting is sufficiently strong. 

2. That it is evenly distributed. 

3. That the source of light does not flicker. 

4. That the source of light is not of such brilliancy 
as to cause any dazzling. 

5. That the light is diffused while giving a satis¬ 
factory amount of contrast. 

6. That the light is white, i.e. similar composition to 
daylight. 

The strength of daylight when the sun is in the 
zenith reaches 150,000 lux, but this ligthing in the open 
has also to perform certain chemical changes in con¬ 
nection with vegetable growth, and it can be assumed 
that for ordinary optical requirements only, an illumi¬ 
nation of 50 lux is sufficient without giving rise to 
any eyestrain. The lighting can vary considerably 
according to requirements and for various purposes 
the requirements are generally as given in table 5. 


Table 5, Necessary illumination in lux for different 
requirements. 


Kind of room lighted 

Average 
illumina* 
tion at a 
height of 
Im above 
the floor 

Total illumi¬ 
nation aver¬ 
age at the 
working 
level 

Entrances, Stairways, Corridors ... 

10-15 

_ 

Living rooms . 

20-40 

— 

Schools and Halls . 

30-40 

50-60 

Drawing offices and Business Pre¬ 
mises ... 

40-60 

60-100 

Shops... 

40-80 


Stores. 

10-25 

— 

Cotton Mills. 

20-30 

— 

Weaving sheds for dark material, 
for the finer light coloured ma¬ 
terials, and workshops handling 
dark materials etc. 

40-50 

60-100 

Heavy forging foundry and rolling 
mill work . 

15-25 

15-35 

Finer joinery work, watch-making 
and finer types of mechanic^ 
work ... 

50-60 

100-150 


By evenness of illumination is meant the relation bet¬ 
ween the greatest and least illumination upon a given 
surface. 

For example, if the lowest illumination on a working 
surface = 30 lux and the highest = 50 lux, the evenness = 


As previously pointed out, most lamps do not give 
the same strength of illumination in all directionSj so 
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Table 6. Values of fvansmission and reflection characteristics for different 

materials. 


Material 

Thick¬ 

ness 

mm 

Coeft. of Transference 

Coeft. of Reflection 

Focussed 

light 

X 

Diffused 

light 

%• 

Coeft. of 
diffusing 

. % 

Focussed 

light 

X 

Diffused 

light 

X 

Coeft. of 
diffusion 

X 

Milky glass. 

2.3 

0.05 

13 

1.0 

5 

68 

1.0 

»» 11 .. 

1.6 

0.15 

35 

1.0 

3.5 

71 

0.78 

opal . 

2.0 

2.5 

56 

0.78 

3.5 

37 

0.73 

»t >» ... 

2.0 

63 

15 

0.85 

1 

10 

0.70 

Ground „ flat . 




0.42 

f 3.5 

25 

0.80 

„ „ corrugated... 

|1.8 

5.5 

54 

\ 0.1 

17 

0.75 

Frosted „ . 

1.8. 

48 

22 

0.2 

7.5 

15.5 

0.80 

Enamel No. 1 . 

— 

— 

— 


1 

52 

0.86 

i» » 2 .;. 

— 

— 

— 

— 

0.4 

64 

0.78 

♦» »» 5 . 

— 

— 


— 

0.1 

69 

0.80 

Silver plated copper foil 

— 

— 

— 

— 

67 

9 

0.23 

Aluminium foil. 

— 

— 

— 

i “ 

73 

12 

0.28 


strikes the working surface, and 
the total stream of light which 
leaves the lamps in their fittings. 

The efficiency of a room is accord¬ 
ingly dependent upon the fittings. 

The efficiencies of rooms with 
direct and semi-indirect lighting lie 
between 0.2 and 0.5, and the figure 
0.5 must only be used in rooms 
with extremely light ceilings and 
walls, drawing offices etc. 

If a room is made up of several 
surfaces A with different coefficients 
of reflection a we may calculate the 
mean coefficient of reflector am in 
the following manner: 

_ fa ^2 .<42 H-) 

Z'(^l + ^2 + —) 

As regards factory lighting the 
above particulars lead to the follow- 


that we are obliged to attempt to correct this by suitably 
constructed reflectors, both as regards the general illu¬ 
mination of the floor, and the illumination at the 
working position. A reflector always means increased 
illumination in the lower hemisptiere of the lamp 
although part of the light is always absorbed. Simple 
reflectors absorb up to 50 % of the illumination thrown 
upon them. 

Figure 12 gives the lighting curves for a deep shade, 
the efficiency of which is 0.55, but in spite of this it 
is justified economically, since by its use a large part 
of the light from the upper hemisphere is directed 
downwards. We can accordingly say definitely that the 
strength of the lighting, besides depending on the source 
of illumination depends considerably upon the fitting. 
The form of the reflector and the material from which 
it is made is of very great importance. The lighting 
curve for a lamp is accordingly altered to a consider¬ 
able extent by the reflector. 

Reflectors are of two kinds, those giving specular 
reflection and those giving diffused reflection. With 
specular reflection the ordinary law applies that the 
angle of incidence is equal to the angle of reflection. 
The strength of the reflected ray depends on the ab¬ 
sorption and colour of the reflecting surface and upon 
the colour of the light. As regards reflection which is 
completely diffuse the above physical law does not 
hold good, and the problem of calculation is consider¬ 
ably more involved. The stream of light is also not 
concentrated in any definite direction. Reflectors com¬ 
monly used in lamp fittings have properties of both 
mirror and diffuse reflection. 

The efficiency of the designs of reflectors most com- 
monly used is between 0.6 and 0.8. By the efficiency 
^ fitting is meant the relation between the stream 
of light which is obtained from the naked lamp within 
the angle which the fitting would permit, and that ob¬ 
tained from the lamp when placed in the fitting. 

The illumination depends not only upon the fitting, 
but also to a great degree upon the colour of the sur¬ 
face illuminated. The colour of the floor, ceiling and 
walls of a room, and also the colour of the contents 
of the room are of great importance in indoor lighting. 
Part of the outgoing stream of light is reflected back 
by the surfaces which it strikes, so that the capabilities 

j ceiling and walls as reflectors have some con¬ 
siderable influence. 

On account of this we often speak of the efficiency 
L ® regards illumination, and by this is meant 

the relation between the total stream of light which 


ing principles: 

a) From the optical standpoint: 

Paint the shops white whenever the purpose for which 
they are to be used permits it 

Keep the walls and ceilings clean, 

b) From the psychological and physiological stand¬ 
point: 

Paint the shops white, keep them clean everywhere. 

Cleanliness of the ceiling and walls not only assists 
lighting, but also constitutes a psychological factor of 
great value which in most cases affects the working 
conditions beneficially and is also important in the 
question of health. 

When designing a lighting installation the contractor 
must obtain complete information regarding special 
requirements. When the lighting of a factory is in 
question, and the methods of working are not fully 
understood by the contractor, it is necessary to make 
a careful investigation of the actual requirements of 
the workpeople so that the lighting will meet these 
requirements thoroughly. 

According to the characteristics of the job, the light¬ 
ing may be arranged as: 

1) Distributed lighting, 

2) Concentrated lighting, 

3) Combined distributed and concentrated lighting. 

Which of these three arrangements can be made most 

suitable depends on the character of the factory and 
rooms. 

It is difficult to arrange suitable distributed lighting 
where there exists shafting, belts etc. When distributed 
lighting is to be used, the semi-indirect lighting is 
recommended if the shops etc. are so arranged as to 
make it possible. Entirely indirect lighting cannot in 
general be used in factories, as the running cost would 
be too high and the ceiling would have to be kept 
white and extremely clean, and , n^m 
this condition, with the exception 
of factories producing the finer 
kinds of light goods, is difficult 
to obtain without considerable 
expenditure. 

In cases where concentrated 
lighting of individul positions is 
tcdcen in hand, care must be 
taken that sufficient distributed 
lighting is provided for traffic 
between the different positions. 

General lighting should also not 
be too weak, especially in cases 
where one workman has conti- Fig. 12 , 
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nually to move 
from one place to 
another, since if 
this movement in¬ 
volves the passing 
through dark pla¬ 
ces, to which the 
eyes endeavour to 
accommodate 
themselves, it gives 
rise in time to tir¬ 
ing. not only the 
eyes, but also the 
nerves ana the brain. The same thing occurs when 
the man takes his eyes o£E his work and looks at other 
parts of the room. 

Figure 13 shows a suitably arranged concentrated 
lighting. The only light meeting the eyes is that re¬ 
flected from the work itself. 

Electric lighting with AC of low frequency is not 
suitable, as the rapid flickering which is caused is 
particularly troublesome. At 25 cycles and a lighting 
voltage of 220 this flickering is very noticeable. If one 
is obliged to make use of this frequency the voltage 
should be transformed down, or else the power re¬ 
quired for lighting should be converted to continuous 
current. With lower pressures, for example 110 volts or 
65 volts, the lamps have a smaller resistance, and ac¬ 
cordingly thicker filaments than they have at 220 volts. 
The filament has thus a greater heat capacity and does 
not have time to cool so much between each half 
period, and the light radiated by the filament is ac¬ 
cordingly more steady. At the same time, transforming 
down means that the current used by the lamps is 
higher and the installation cost will be greater. Suitably 
arranged shades and reflectors can be made to reduce 
the effect of the flickering. 



Table 7. Coefficient of reflection in % for different wall 
and ceiling coverings» 


White ceiling, clean . 

% 

80 

„ „ slightly soiled . 

40 

„ cartridge paper. 

82 

„ writing paper . 

70 

Yellow draughting paper. 

56 

„ wallpaper . 

40 

Blue „ . 

25 

Dark blue „ .. 

13 

Light red „ . 

36 

Brown ,» . 

13 

Yellow distempered wall, clean . 

40 

„ „ soiled. 

20 

Dark cloth . 

1 

„ velvet . 

0.4 


In order to have the lighting evenly distributed it 
might perhaps be assumed that this should be done 
by using a very large number of lighting points of 
suitable power. An installation put in on these prin- 
J2 m , ciples, would how¬ 

ever, be exceedingly 
expensive. 

To use small units 
and to place them 
close together is un¬ 
economical, partly 
because small lamps 
have a higher cur- 
__________ rent consumption 

]^g. 14. per candle power. 




Fig. 15. 


and also because the installation costs are greater. 

Accordingly the number of points should be as few 
as possible, and suitable fittings should be made use 
of to obtain a good distribution of light. 

9. Examples of lighting installations. 

In a drawing office or similar room where the ceiling 
and the upper parts of the walls may be white ana 
can be kept clean, one would choose aistributed light¬ 
ing, either indirect or semi-indirect, (Fig. 14). For 
example: a drawing office is 12 m long, 6 m broad 
and 5 m high, and is divided longitudinally by a beam 
40 ems high which is carried by two pillars, figure 14. 
The ceiling and walls are white and the room has six 
windows which are covered, after dark, by white blinds. 
The efficiency of the room if the fittings are suitably 
chosen can be taken as 0.5. The beam and the pillars 
divide the room naturally into six parts, so that one 
could hardly consider a smaller number than six light¬ 
ing points. The fittings are arranged for semi-indirect 
lighting. In accordance with table 5 we should assume 
an illumination of 60 to 100 lux. If we took 90 lux 
the necessary light quantity would be: 

0 = ^-^ = = 12,960 lumens. 

0.5 
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Each lamp has thus to supply 2,160 lumens. If the 
lamps are taken as giving 2,000 lumens the illumina¬ 
tions will be: 

^^ 2000 * 6 . 0.5 _ , 

E --^2-~ S3.3 lux, 

which can be considered as satisfactory. 

. Figure 15 shows an example of lighting in a weav¬ 
ing shed. The shed is 3.85 m high with white painted 
ceiling, and walls of a greyish white tint. Distributed 
lighting is adopted which is semi-indirect, using the 
white roof as a reflector, there being no transmission 
Rafting etc. to interfere with the reflection of the light. 
The lamps are 200 c. p. metallic fllament lamps with 
the lower half of the bulb frosted, mounted direct on 
the ceiling in ordinary lamp holders, and placed in 
nation to the looms as shown in the plan in fig. 16. 
The plan shows also illuminating curves lor the sections 
A and B at a height of 0.9 m above the ground. The 
mean illumination at this height is 36 lux. 

Minimum illumination at the working level = 22 lux 
xMaximum „ „ - 44 

Evenness of illumination ^ = 0.5 

Lighting consumption per loom = 50 watts. 


This lighting can be regarded as satisfactory in a 
weaving shed for light coloured materials, but would 
iiot be suitable for dark coloured cloth. 

If the lighting is in use 400 hours per year and the 
of power is reckoned to be 1 d. per kWh, the 
cost of lighting per loom is 1/8 d. per year. Figure 17 
shows the lighting in a spinning mill with group driven 
spinning frames. The height of the room is 3.9 m. The 
walls ^d ceiling are painted in a greyish white colour. 
Distributed lighting is used and is direct. The lamps 
are metallic filament of 200 c. p. and carried in fittings 
with white enamelled shades about O.7 m from ceiling 
in order to come below the transmission arrangements: 
they are accordingly about 3.2 m above the floor. The 
position of the lamps and two curves of illumination 
on sections A and B, taken at a height of 0.9 m above 
accordance with the plan, figure 18. 

The mean illumination at the above height is 14 lux. 

The minimum illumination at the working level = 7 lux 
M maximum „ .. ,, = 19 „ ‘ 

n evenness of lighting „ „ „ ,, == 0.37. 

“Die power consumption per spinning frame is 200 
watts, and the costs per year covering 400 hours at 
1 d. per kWh come to 6/8 d. 



I • j ya I e I I ® j I 

A = Illuminating curve for sect. A-A, 90 cm above the floor 
^ " •» *• B-B. 50 „ „ „ 


i J ! MM 


E:fr4zi;:q[zpp;i3| 

• • • I • • • 1 • II 

■■= Illuminating curve for sect. A-A, 90 cm above the floor 

= •' .. » .. B-B, 90 .. 

•* Fig. 20. 
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Fig. 2U 


The lighting in this mill must be regarded as par¬ 
ticularly unsatisfactory, since the illumination for the 
working conditions should be between 20 and 30 lux. 

Figure 19 shows the illumination in a mule shed 
which is about 4 m high. Distributed lighting is used. 
Ceilings and walls are painted a greyish white colour. 
The lamps are 25 c, p. metallic filament, carried in 
pendants with lacquered shades. They are placed at 
a height of 2 m above the floor. 

The position of the lamps and the illumination 
curves at 0.9 m above the floor on sections A and B 
are in accordance with figure 20. 

The mean illumination at the given height is 6 lux. 

The minimum illumination at the working level = 4 lux 
„ maximum „ „ „ „ „ = 7.6 „ 

„ evenness of „ „ „ „ „ = 0.53 „ 

The power consumption per spinning mule =120 watts. 

The lighting in this room is quite insufficient and 
should certainly not be allowed. In order to bring it 
within suitable limits the value should be quadrupled. 

Figure 21 shows an example of a good distributed 
lighting system in a cotton mill. Three 60 watt lamps are 
placed between each pair of spinning frames. As shown 
in the illustration the result is very satisfactory. The 
lamps are furnished with suitable fittings. The power 
consumption is 90 watts per spinning frame. 

As previously pointed out, lighting should not be 
completely diffused, since the ability of the eye to 
appreciate an object is derived from the colour and 
contrast properties of the light which enters it. 



Fig. 22. Diagram showing the dependence o£ production on lighting. 


With fully diffused light the speed of work is reduced 
on account of the difficulty of visualising the position 
of different surfaces and determining their distance from 
the eyes. 

In order that it may be possible in textile work to 
locate thread breakages and other troubles easily and 
without eyestrain, and put these things right with the 
least possible loss of time, it is necessary to have ex¬ 
ceedingly good lighting. In a weaving shed it is often 
found that distributed lighting is not sufficient, espe¬ 
cially in sheds where there is overhead transmission. 

At some places it is usual accordingly to use lamps 
arranged at the working positions, in addition to the 
general lighting, and these lamps are automatically lit 
when the looms come to rest. By this means it is not 
only possible to save the cost of running these lamps 
while the loom is stopped, but at the same time it is 
easy to see which looms are not running, and this is 
an advantage where the weaver has to attend to from 
12 to 16 automatic looms. When he has put the trouble 
right and started the loom again he does not require 
such strong illumination and the lamp is automatically 
extinguished. 

Good distributed lighting in a weaving shed for light 
materials should be between 35 and 40 lux, and for 
dark materials or light materials employing a very fine 
thread,40to501ux. 

In spinning 
mills a good ge¬ 
neral illumination 
is a greater ad¬ 
vantage than con¬ 
centrated lighting, 
and this can be 
obtained from fit¬ 
tings fixed direct 
to the ceiling, or 
pendants of a 
length suited to 
the conditions. 

The illumination 
should be 20 to 
30 lux. 

The full advantages of electric lighting are only ob¬ 
tained when all the factors have been carefully dealt 
with in each special case. 

Suitable lamps and suitable fittings, together with 
proper fixing are also factors which must not be for¬ 
gotten. The principle of supporting lamps should be, 
that any having a greater orilliancy than 5 c. p. per 
square centimetre should not be hung where the direct 
rays can meet the eyes. They must accordingly be 
screened when the rays from them make an angle of 
less than 30® with the horizontal. 

Regarding lighting in rooms where there is great 
risk of fire, such as weaving sheds, spinning mills etc., 
it should be noted that the Swedish practice is to 
provide lamps with dustproof fittings. The fitting in 
general, however, has the disadvantage that the lamps 
get hotter than usual, and this tends to reduce their life. 
In general the temperature surrounding the lamps 
should be kept as low as possible, since otherwise the 
heat cannot be dissipated and this leads to a higher 
temperature of the filaments. 

10. Lighting Costs, 

Lighting costs in a factory are relatively small com¬ 
pared with the remaining costs of production. In a 
weaving shed with automatic looms and good lighting, 
in accordance with fig. 15, we have seen that the costs 
per loom and year amount to 1/8 d. If a weaver ope¬ 
rates 12 looms, the cost per weaver and year is ac- 
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cordingly £ 1. If this sum is*compared with the 
power costs’* for running the looms and the interest 
and depreciation costs for 12 looms, and the same costs 
for the space occupied, etc., it requires practically no 
investigation to state definitely that it will pay well 
to use such good lighting that full and satisfactory 
production is obtained while the lighting is in use. 
Assume that the lighting in this particular example is 
reduced by half, i. c., 25 watts per loom. The saving 
in power consumption amounts to 10 d. per loom 
and year, but we may be certain that the decrease in 
production during the 400 hours of the year in which 
the lighting is in use, owing to the fact that neither 
the personnel nor the expensive installation is fully 
and properly utilised, will involve a far greater loss 
than 10 d. per loom. 

A question of a social welfare nature, but not of 
less importance on that account, is that one should 
look after the operatives, and not use lighting which 
will involve eye trouble at an early age, since this, if 
everything is measured in terms of production only, 
will certainly not pay in the long run. 

In the mule shed, fig. 19, the power consumption 
is 120 watts per machine. If this lighting is quadrupled 
the power goes up to 480, or say 500 watts, and the 
mean illumination is 25 lux. 

The lighting costs of 400 hours per year at the same 
cost of energy as before then reaches 1.6.8 d. Such a 
machine is operated by four work people, so that the 
lighting costs come out at 4/2 d. per operative as 
against the present I/OV 2 d. per year. If we consider 
what a spinning mill costs and the space which it takes 
up, and taking all factors into consideration, we can 
without making any experiments definitely state that 
it will pay to increase the illumination to 25 lux. In 
addition to the fact that work can be performed quicker, 
since the operatives can see better, the speed is also 
increased, owing to the fact that all the work people 
are more wakeful in the better light. 

At the same time in this connection it may be 
pointed out that production will not increase when 
the lighting has reached a certain limiting value. If 
the lighting is increased further the production will 
decrease again because the stronger illumination will 
be an actual hindrance to the speed of working. 

In the diagram, fig. 22, curve A gives the production 
characteristics for an operative with different lighting 
and curve B the constant running costs, wages’***, interest, 


depreciation, etc. Curve C gives the costs of lighting. 
It is seen that the production reaches at M its best 
value with the least outlay. If the lighting is increased 
the production reaches its highest value at N, but the 
total costs are greater. 

11. .dn insfrument for testing 4lluminafion.. 

For making measurements of the value of illumina¬ 
tion in factories etc., ordinary photometers of the labo¬ 
ratory type are not suitable as they are awkward in 
use, when it is necessary to make an estimation of the 
illumination on a horizontal plane. An American firm 
has accordingly placed on the market a small and con¬ 
venient instrument which is shown in figure 23. 



Fig. 25. 


This instrument, which is known as a foot-candle- 
meter, is 20 ems long, 15 ems wide, and 4 ems deep, 
so that it can be carried in an ordinary overcoat pocket. 
The illumination is given in foot candles or lumens 
per American square foot (1 foot candle =11.98 lux). 
The instrument works on the old grease-spot principle, 
and is provided with a white scale having a series of 
small round transparent spots, figure 24. This scale 
is illuminated from beneath in the manner shown in 
figure 25. The spots to the right are more strongly 
lighted than those to the left. As the scale is lighted 
from below, it is clear that at the point where the 
appearance of the spots. changes from darker to lighter 
than that of the remaining surface of the scale they 
are approximately equally lighted from both sides. The 
reading is taken on the scale opposite to the spot 
which is least visible, compare fig. 24. 

The current for the illuminating lamp is obtained 
from a dry battery contained in the instrument, and 
a rheostat is provided for regulation. As it is import¬ 
ant that the lamp should be supplied with the correct 
voltage in order that the strength of light shall always 
be the same, the apparatus is also fitted with a volt¬ 
meter on which the correct voltage for normal use is 
marked. 

This apparatus is certainly not a precision instrument, 
but is perfectly satisfactory for estimating the illumina¬ 
tion in factories and such places. It has the great ad¬ 
vantage that it can be easily placed on any surface at 
which it is desired to measure the illumination. 

* We here assume a fixed charge per kW per year and a relatively 
low price per kWh. 

The curve does not apply for piece-work. 
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THREE-PHASE GENERATORS FOR QUINZE, CANADA. 


In Canada, the 
electrification of 
the water power 
resources is being 
pushed forward 
with the greatest 
determination, 
and many years 
ago Asea supp¬ 
lied alternators 
to this country 
for direct coup¬ 
ling to water tur¬ 
bines. During the 
recent year Asea 
delivered a num¬ 
ber of such ge¬ 
nerators both for 
municipal and 
privately owned 
plants, and most 
of these were of 



Fig. 1. 10,000 kVA three-phase generator for Quinzc erected for test. 


the vertical type which is usual in Canada and 
for very considerable outputs. Among the largest 
are the two generators for the Northern Canada 
Power Company's station on the Quinze River. 

This firm have for a long time had a number 
of power stations running in the province of 
Ontario which supply power to the great mines 
in the Porcupine district. These for a year or 
more have been requiring more power than the 
stations could deliver, and accordingly in June 
1923 the company commenced the erection of 
a plant at a fall owned by them known as the 
Kakake Falls on the Quinze River, which is 
known lower down as the Ottawa River. The 
fall is situated in the province of Quebec near 
the Ontario boundary and about 125 miles from 
Porcupine. The available power amounts to 
about 60,000 h.p., the height of fall being app¬ 
roximately 27 metres, and a third part of this 
has now been electrified with two units consisting 
of single runner water turbines designed for 
10,000 h.p. with a fall of 21.4 and 13,400 h.p, 
with a fall of 27.4 metres, and running at 187 
r.p.m. These are direct coupled to Asea generators 
with direct connected exciters and upper support¬ 
ing bearings dimensioned to carry the whole of 
the rotating weight, amounting to about 125 tons. 

Each generator is designed for a continuous 
of 10,000 kVA at 187 r.p.m., 25 cycles, 
11,000 volts and power factor 0.8, The exciter 
voltage is 220. 

As mentioned above the generators are of the 
vertical arrangement and their shafts are provided 
with flanges for direct coupling to the turbines. 


The stator frame 
and covers are of 
cast iron and care- 
•fully designed 
for resisting de¬ 
formation and 
vibration, while 
permitting good 
cooling, both for 
the windings and 
core. To facilitate 
transport the sta¬ 
tor is divided into 
four parts which 
are held together 
with bolts. The 
core is made fast 
in the stator fra¬ 
me in the usual 
manner and is 
firmly held bet¬ 
ween press flang¬ 
es, It is divided up into a number of sections, 
radial cooling ducts being left between each. 
The insulation between the laminations is in 
accordance with Asea’s invariable practice of 
thin paper pasted on in a special machine be¬ 
fore cutting and punching the plates. The stator 
winding is a two-plane coil winding carried in 
open slots in which it is held by fibre wedges. 
Since the number of poles is small on account 
of the low periodicity, while the machine on 
account of its large output had to be of large 
diameter, it has been possible to divide the 
winding among a large number of slots per pole 



Fig. 2, Oscillograph diagram of voltage wave at no load. 


and phase. The voltage wave obtained is par¬ 
ticularly good as shown in figure 2, although 
this figure does not enable one to judge the good 
qualities of the wave form which are shown by 
the oscillograph. An estimation made on the 
actual oscillogram showed that the maximum 
departure of the wave from an equivalent sine 
curve does not amount to more than 2,8 
measured on the amplitude. The conductors in 
each slot are, in order to make manufacture 
naore easy and to reduce eddy-current Idsses, 
divided into three parts, each with impregnated 
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double cotton 
covering. The 
parts belonging 
to one conduct¬ 
or are comple¬ 
tely insulated* 
from the remai¬ 
ning conductors 
in the same slot 
by special insu¬ 
lating division 
pieces of mica. 

These, in accord¬ 
ance with Asea’s 
standard, are 
moulded before¬ 
hand to a U 
section of correct 
dimensions and 
are laid together 
in pairs so as to form a tube surrounding the 
sections of conductor. They are jointed together 
with varnish. After all the conductors in one 
slot have been varnished over they are wrapped 
round with mica pasted on to thin paper until 
the required thickness is obtained. After this, 
the insulation which is still loose is treated in 
a special machine having rotating rollers, and 



Fig. 4. Switchboard at the power station. 


the coil is well warmed up during this treatment. 
The varnish is melted and the surplus runs out 
at the ends under the pressure, carrying with 
it any air imprisoned in the interior. Air is in 
this way excluded in a very effective manner 
from the interior of the coil and the chemical 
changes which can take place in its presence, 
and damage the insulation, are prevented. 

In the outer part of the winding each conduc¬ 
tor is additionally insulated with strips of spe¬ 


cially impregnat¬ 
ed cloth, and all 
the conductors 
coming from one 
slot are insulated 
over all with a 
layer of impreg¬ 
nated tape and 
finally painted 
with insulating 
and black var¬ 
nish. Naturally 
all the air spa¬ 
ces and leakage 
paths are so well 
dimensioned 
that flash over 
or creepage bet¬ 
ween different 
phases or to iron 
is made impossible, As the end windings out¬ 
side the iron are naturally relatively long on 
account of the frequency, they are strongly 
clamped so that they will suffer no damage 
when strained by the occurence of short circuits 
or sudden load alterations. The clamping ar¬ 
rangement consists of two circles of axially 
placed bolts screwed into the press flanges, one 
set inside and the other outside the coil ends. 
By suitably shaped separators of insulating ma¬ 
terial and well insulated bridge pieces of wrought 
iron the coils are firmly held between the 
clamping bolts which are thus well insulated 
from the windings, and the insulation described 
is further strengthened at the studs and between 
phases. All surfaces are painted over with var- 
nish.^The stator winding has six terminals, two 
for each phase. 

The rotor is made with the arms and boss in 
one piece, of cast iron, and made fast to the 
shaft with keys and shrink rings. It carries the 
magnet ring made in two parts of cast steel. 
The rings are divided by a central radial ven- 



Fig. 5, The rear side of the switchboard. 



Fig. 3. Stator halves during winding. 
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is quite clear from the small discrepancy between 
the voltage curve obtained and the true sine 
curve. That they can be made massive in 
spite of the open slots employed depends on 
the fact that the air gap is made sufficiently 
great. The eddy-current losses'have also been 
kept exceedingly small and no appreciable heat¬ 
ing takes place in the pole shoes. 

The field windings are carried out in copper 
strip wound on edge and insulated between 
turns with varnish impregnated paper, while 
between windings and iron, collars and cylinders 
of presspahn are used. The leads to the rotor 


Fig. 6. Power station during building. 

tilating duct which allows cooling air access to 
the pole cores, and also to special holes in the 
poles through which it reaches the duct in the 
middle of the pole shoe and from there passes into 
ducts in the stator. Although the air is of course 
somewhat warmed during its passage through 
the various parts of the rotor — it is intended 
that these parts should also be cooled as much 
as possible — it reaches the centre“of the stator 
relatively cool, so that a powerful cooling of this 
is possible and no great local heating can occur. 
This is controlled further by thermo elements 
which show that the temperature rise is practically 
the same over the whole extent of the core. 

The pole cores are also of cast steel and are 
made in one piece with the massive pole shoes. 
The cores are fixed to the magnet ring by bolts 
of special steel. This construction can be used 
in the present case since the runaway speed,, 
although taken as being 100 ^ above the nor¬ 
mal, is not so great that the stresses in the 
pole fixing bolts cannot be kept within the allow¬ 
able value. The shape of the pole shoes and 
their position are very carefully designed, which 
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Fig. 7. Power station at the end of the first stage. In the background 
the Quinze River, and on the right the dam and pipe line. 


Fig. 8. Lowering the rotor of. the generator into position. 

winding are taken through the hollow shaft and 
brought out beneath the exciter to the sliprings 
which are placed immediately above the sup¬ 
porting bearing. Sliprings are often placed at the 
end of the shaft above the exciter, but in the 
present case, on account of the large size of the 
exciter, they would have been less accessible 
if so fitted, and in their actual position they are 
easy of access for inspection from the same 
platform which is used for inspecting the sup¬ 
porting bearing and the exciter. The rings them¬ 
selves are as usual of cast iron, and carbon 
brushes are used. 

I TThe shaft is forged from best quality steel 
[and properly designed for resisting the mecha- 
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nical and magnetic stresses as well as the supp- 
ression of vibration. At the lower end there is 
a forged flange for coupling to the turbine shaft 
and at the upper end it is provided with a 
locking ring for fixing the bearing flange which 
is carried on tl^ surface of the supporting bear¬ 
ing and also with a machined end for receiving 
the armature of the exciter. 

There are three bearings consisting of a sup¬ 
porting bearing and guide bearing above the 
machine and a lower guide bearing placed under 
the rotor. The supporting bearing is a segmental 
bearing of Asea’s standard design and dimen¬ 
sioned for taking up the whole of the rotating 
weight referred to above, of which approxima¬ 
tely half is due to the rotating parts of the 
turbine and half to unbalanced water pressure. 
The guide bearings are ordinary babbitted sleeve 



Fig. 9. The second generntot under erection. In the background the 
temporary wall and some of the transformers. 


bearings. Lubrication is effected under pressure 
from a pump driven from the turbine shaft 
which draws oil from a container where it is 
cooled and filtered and forces it up to the 
supporting bearing. From there it runs down to 
the upper guide bearing and then into the lower 
guide bearing from which it returns to the con¬ 
tainer. By means of suitably arranged control 
oil cocks and inspection glasses etc. the distri¬ 
bution of the oil and the functioning of the 
lubricating system can be observed and con¬ 
trolled. The supporting bearing housing is equ¬ 
ipped with an original and practical detail, na¬ 
mely self-contained lighting, so that when in¬ 
specting etc. a hand lamp with its awkward 
flexible connection is not required. 

The upper supporting and guide bearing and 
the exciter are carried on the upper arm-cross 
which rests on the stator frame and has heavy 
arms held with bolts to a central boss which 
forifls an oil casing for the bearing. Both arms 
and boss are of cast iron. The lower arm-efoss. 



Fig. 10. View of Quinze River and the workmen's houses. 


which only carries the lower guide bearing and 
brake arrangement, is also of cast iron but is more 
lightly dimensioned. It is fixed to the base ring 
which is of cast iron grouted to the foundation 
and which acts as a support for the stator frame. 

The brake arrangement consists of four hy¬ 
draulic jacks, the stationary parts of which are 
held on the arms of the lower arm-cross, and 
the moving parts of which apply a brake 
against the rotor ring which is specially fur¬ 
nished on its under side for. this purpose. When 
the machine is to be brought to a standstill the 
brake blocks are pressed against the ring with a 
suitable pressure and they can be locked in such 
a position that the unit is unable to start off of 
its own accord in the event of water leaking into 
the turbine. This brake arrangement is also 
used during erection and dismantling, as by 
applying a higher pressure the rotor can be 
lifted sufficiently to allow inspection etc, to 
be carried out as required. 

The exciter, as will have been made clear from 
the foregoing, is provided with an armature carried 



Fig. 11. Combined roadway and dam, 
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direct on the generator 
shaft while its yoke is 
carried on a base ring 
resting on the housing 
of the supporting bear¬ 
ing. In accordance with 
usual practice it is pro¬ 
vided with laminated 
main poles and solid 
commutating poles fixed 
to the yoke by bolts 
screwed from the out¬ 
side. The field coils are 
insulated from the iron 
with presspahn and im¬ 
pregnated cloth. The ro¬ 
tor and commutator are 
both carried on a com¬ 
mon cast iron spider 
which is fixed on the 
generator shaft in such 
a manner that it can be 
easily removed when ne¬ 
cessary. The armature 
core consists of paper 
insulated laminations and Fig. 12 . a caterpillar tractor, 
is provided with radial 
ventilating ducts. The 

winding is made up of former wound coils 
consisting of cotton covered and impregnated 
copper wire and is insulated from the core by 
presspahn and impregnated fabric. The commu¬ 
tator is of ordinary pattern and the brushes are 
of carbon carried in holders supported from a 
rocker ring on the frame. 

The generators are self ventilating and draw in 
through the machine pits the necessary cooling 
air from outside the station. In this way the air 
enters only from below the machine and the 
openings between the arms of the upper arm- 
cross are completely closed by covers which 
extend from the shaft over the stator wind¬ 






ing to the frame. In the 
‘ same manner covers are 
used over the stator wind¬ 
ing on the under side of 
the generators. These, 
howeven; only extend 
from the stator frame to 
the inner edge of the rotor 
rings. By fan blades of 
sufficient size, larger at 
the top of the rotor and 
smaller on the under 
side of the rotor, the air 
is drawn into the mach¬ 
ine and afterwards forced 
out past and through all 
the parts which are to 
be cooled —the windings 
and laminations — and 
when warmed up escapes 
into the stator frame 
from which it is free to 
pass into the machine 

_ ___room. It was possible to 

use this arrangement part- 
feTX because the pressure 

drop in the ventilating 
system is sufficiently low, 
and partly because the machine speed and air 
velocity is not great enough to cause a troub¬ 
lesome amount of noise. The quantity of air for 
each machine only amounts to about 20 cubic 
metres per second, so that the machine room 
can deal with it without , becoming too draughty. 
The covers both above and below are provided 
with inspection doors. The exciter is separate 
from the generator as regards ventilation and is 
self-cooled by the air in the machine room. 

Each generator weighs complete about 170 tons, 
of which the stator weighs approximately 60 tons, 
the rotor a similar amount, the rest being made 
up of the arm-crosses, bearings, base ring etc. 


Showing the di£Flcult nature of the 
under the truck wheels. 



ASEA-TOURNAL 


79 



Fig. 15. Aerial view of the power station. 


The machines were of course subjected to 
most careful tests before leaving the shops in 
order to determine that they met the speci¬ 
fied guarantees. All the principal tests were 
carried out on both generators. On account of 
the low temperature rise obtained when testing 
the first generator, it was not considered neces¬ 
sary to carry out more than a simple heating 
test on the second machine, and accordingly the 
short circuit test was not carried out for this 
machine in the same detailed manner. All other 
tests were made in full for both machines. 

In addition to the above tests a runaway test 
was made on both generators at double normal 
speed for three minutes. This test was carried 
out in the specially designed safety pit which 
is so arranged that the largest rotors can be 
tested, entirely without risk, even at the highest 
speeds which may be required. Resistance mea¬ 
surements, and determination of magnetisation 
and short circuit curves and measurement of 
losses etc. were carried out in the usual way. 

The heat run gave particularly good — indeed 
what might be considered too good — results, 
since the measured temperature rises were very 
considerably lower than the guaranteed value 
of ^0°C for cote plates and windings, measured 
by thermometer or resistance. f)n account of the 


position of the power station etc. it is naturally 
of great importance that the temperature rise on 
any inaccessible part, measured either by resistance 
or thermometer, shall not reach any dangerous 
value. Values made by these methods are often 
misleading but if a control is taken with suitably 
placed thermo elements it is possible to deter¬ 
mine definitely the heating characteristics in the 
different parts of the machine. As mentioned 
above the temperature rise was particularly evenly 
distributed. 

Like the temperature test the efficiency cal¬ 
culations gave exceedingly satisfactory results. 
In accordance with the American Standardisation 
Rules, taking the losses of the exciter from the 
total losses measured, the efficiencies worked out 
as follows with ,/j 3 ^^ 

for machine No 214604 with cos y=1 96.42 95.94 94.75 % 

„ „ „ 214605 „ „ „ 96.40 95.9194.62 

„ „ 214604 „ 0.8 95.28 94.70 93.25 

„ 214605 „ „ 95^2 94.74 93.18 

The guarant. val. were „ „ 1 96.0 95.0 93.5 

and „ „ 0.8 95.0 94.0 92.5 

The voltage rise with constant magnetisation 
and speed, on throwing off full load amounted 
on test to 25 ^ with a power factor of 0.8. 
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Fig. 16. The stores dump. 



Fig. 17, Unlo<iding stores. 


Short circuit tests were carried out, during 
which oscillograph diagrams were taken, and 
these showed that the momentary short circuit 
current at no load magnetisation reached about 
seven times the normal current. The continuous 
short circuit current with the same magnetisation 
is 1,25 times the normal. 

On completion of the above tests the insula¬ 
tion of the stator winding was tested to iron 
with 23,000 volts for one minute, and the rotor 
windings and exciter with 2,200 volts for a 
similar time. In addition the machines were run 
for three minutes both with 50 % over voltage 
and with 50 % above normal current. 

The flywheel effect specified, having regard 
to the speed regulation of the turbines, was to 
be a minimum of 610,000 kgm^; actually the 
value obtained was somewhat higher. 

As mentioned in our opening paragraphs the 
work on the new power station was begun in 
the early summer of 1923, At the same time the 
order was placed with Asea for the electrical 
equipment which, in addition to the generators 
described above with their exciters and resist¬ 
ances, also included a standby exciter unit, twelve 
transformers, of which six are divided into two 
groups — one for each generator — and used 
in the power station for transforming the gene¬ 


rator voltage up to 110,000 volts for trans¬ 
mission to a sub-station in the Porcupine mining 
district 125 miles away, and the remaining six 
are installed in this sub-station building, and the 
whole of the switchgear for the power station, 
together with various spare material etc. The 
work throughout was pushed forward with the 
greatest possible rapidity and the last generator 
was despatched from the Works about three 
weeks earlier than was promised in the very cut 
delivery time, while the remainder of the mate¬ 
rial included in the Asea order was all finished 
well within the promised time. How important 
this was as regards getting the power station 
set to work can be easily understood when we 
consider that it lies about 4,500 miles from the 
factory. In such a long distance it is easy for 
delays to occur. The power company also pushed 
on their own part of the work including not 
only the building of the power station and hyd¬ 
raulic work, but also houses, roads, bridges, etc., 
together with all transport, so that erection could 
begin immediately the machines arrived on site. 
At the beginning of August 1924 the first ge¬ 
nerator unit was running, and one month later 
the complete power station was in regular service. 
Since that time the whole plant has run with 
exceedingly good results. 
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PRECISION GEARS. 



Fig* 1* Some geared motors ready for shipping. 


The use of individual or group drive is a 
question which must be settled in each special 
case and decided on technical requirements and 
economic and local conditions, but under all 
circumstances direct coupling of the motor to 
the machine or transmission shaft is to be pre¬ 
ferred on account of simplicity and reliability. 
Machine tools and transmission shafts however 
commonly run at such low speeds in relation 
to the power they absorb, that direct connected 
slow-speed motors cannot be considered because 
of their higher cost, lower efficiency, and, in 
the case of induction motors, lower power factor, 
than corresponding higher speed motors. With 
alternating current supply there may also be the 
drawback that 
motors carihot 
be supplied with 
a suitable num¬ 
ber of poles to 
give the requir¬ 
ed speed. A 
cheaper motor, 
running at a 
high speed, is 
accordingly to 
be preferred as 
a rule, and the 
power transmit- 
ted by belt or 
ropes. Sometim¬ 
es the total eb 
ficiency of an 
installation is 
taken into acc¬ 
ount and consi¬ 
deration may 
also be given 
to obtaining the 


most favourable capital charges for the plant. 

The necessity of reliable power transmission 
with high efficiency for low speeds has become 
more marked since increased attention has been 
given to the running costs and capital charges 
of plant, and since there has been an increasing 
tendency to make use of direct drives. Reduc¬ 
tion gears, which in conjunction with electric 
motors, have so far only been used in special 
cases, have novr been introduced which fully 
meet the requirements, great improvements 
having been made to obtain small losses and 
silent running. 

Asea precision gears for use in combination 
with standard electric motors are manufactured 

on the same 
principles and 
methods as the 
well known Stal 
(SwedishLjung- 
strom Turbine 
Co.) gears for 
marine work. 
They are solidly 
built through¬ 
out and are re¬ 
markable for 
particularly 
high efficiency, 
silent running, 
and reliability. 
Geared motors 
are accordingly 
far superior to 
slow running 
motors in the 
electrical respect 
and are equally 
good mechani- 



Fig. 2. Autosynchronous motor ty&c M21, 210 kVA, 750 r.p.m,, with reduction gear, 
type VJiV, 750/200 r.p.m. 
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cally. In comparison with belt or rope drives 
which in general work with very low efficiency 
(varying between about 95 and 60^) their 
good qualities appear to even greater advantage. 

Having regard to the great advantages geared 
motors permit at speeds as low as may be de¬ 
sired, or within a large range of low speeds — 
even with a three-phase supply by using vari¬ 
able speed three-phase commutator motors — 
careful consideration should be given, when 
selecting a drive, to the question whether such 
a geared motor would not be the best propo¬ 
sition with respect not only to first cost but 
also to running costs and reliability. 

General Description, 

Asea precision gears type VE, VEV, VF and 
VD are furnished for assembly direct in one 
unit with endshield pattern motors of hori¬ 
zontal type KV 4 ^R 16 and I 6 V 21 MK 5— 
MK24, M13-M23, G 7-G 30, S 3-S 6 and 



Fig. 3. Three-phase commutator motor type FS 6, 9/3 h.p., 1,500/500 
r.p.m., with double reduction gear, type VD, 90/30 r.p.m. 


FS6—FS19 of arrangement 210 and form B, 
C, D, E, P, Q_or R. The gears are normally 
manufactured for reducing the motor speed and 
are built as single reduction gears, type VE 
and VEV, for ratios up to 1:10 and as double 
reduction gears type VF and VD, for ratios 
from 1:8 up to 1:40. They can however also 
be designed for increasing the speed which is 
sometimes necessary for driving turbo-ventilators, 
and certain machine tools, especially where mo¬ 
tors are run from low frequency supplies etc., 
and prices for such special gears will be given 
on request. 

The Gear Casing, 

The gears are enclosed in heavy cast iron 
covers which are either bolted to one end-shield 
of the motor or cast in one piece with it. The 
casings are split vertically in types VE, VEV 
and VF and vertically or horizontally in type 
VD, and are perfectly oil tight so that they 



Fig. 4. Induction motor type MK 13, 2.4 h.p., 1,420 r.p.m., with 
single reduction gear, type VE, 1,420/237 r.p.m. 


serve at the same time as oil containers for 
automatic lubrication. This is carried out by the 
large gear wheel which throws the oil against 
suitably arranged screens, which in their turn 
distribute it to the remaining gear wheels and 
bearings. All casings are provided with easily 
accessible oil filling and inspection openings, 
oil stand-pipes and threaded draw off plugs. 
Great care has been taken in designing casings 
and other details to provide for easy dismant¬ 
ling of the gears when necessary. 

Gear Wheels and Pinions, 

The pinions are tempered chrome-nickel steel 
and the remaining wheels are made from special 
tempered carbon steel. For gear wheels of larger 
diameter however cast iron is used for the cen¬ 
tres, and the toothed ring is shrunk upon it 
and prevented from slipping by special arrange¬ 
ments. The gear wheels, which in order to 
ensure silent running, have smoothly ground 
teeth and particularly small pitch are cut in 
special machines by the precision methods de¬ 
veloped by Stal. The errors in pitch which can 



Fig. 5. Double reduction gear type VD, 30 h.p., ^.,050/26.2*1 r.p.m. 
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occur by these methods are less than ± O.ooo 2 '^ 
while the profile of the teeth is theoretically 
correct. By this exact gear cutting unusually 
high efficiency is obtained, which with single 
reduction gears reaches 99 ^ approximately and 
with double reduction gears about 97.5 ^ for 
low outputs and 99 for large outputs. For 
the rest the gear wheels and bearings are so 
well dimensioned and suitably arranged that no 
special arrangements as regards the pinion 
and gear wheel are required to take up the 
shocks which are thrown on them during run¬ 
ning, under the conditions of load for which 
the ^ears are designed, or to deal with the small 
strains caused by axial accelerations due to^the 
small errors in pitch mentioned! above. 


Single Reduction Gears Type VE and VEV. 

As fig. 6 shows, both pinion and gear wheel 
are carried in two ball bearings, of which one 
is a single row bearing with deep grooves de¬ 
signed to take up any axial stress ocurring in 
addition to the radial pressure. The secondary 
gear shaft is always eccentrically placed in re¬ 
lation to the motor shaft and is normally to 
the left of it, seen from the gear side — left 
hand arrangement. On request the secondary 
shaft can be arranged on the opposite side of 
the motor shaft — right hand arrangement. Gears 
with the right hand arrangement take longer to 
deliver as a rule and an additional charge is made. 

Double Reduction Gears type VF, 

Gears of type VF, which are furnished for 
lower outputs, have an intermediate shaft and 
contain four gear wheels. The bearings, as in the 
case of the foregoing gears are single and double 
row ball bearings designed for radial and axial 
pressure. The secondary shaft lies in the same 
vertical plane as the motor shaft but somewhat 
above it. 

Double Reduction Gears type FD. 

Double reduction gears of type VD are fur¬ 
nished for larger outputs and provided with 
two intermediate shafts, arranged in the same 
horizontal plane as the motor shaft, and with 
the secondary shaft concentric with the last 
named. By this arrangement the least possible 
number of gear wheels can be used, and con¬ 
sequently the lowest possible friction losses are 
obtained, while at the same time the pinion on 
the motor shaft is perfectly symmetrically loa:ded. 

In a double reduction gear having several 
intermediate shafts it is particularly important 
to obtain an even distribution of the load on 
the gear-wheels on the intermediate shafts. In 
the gears of type VD this is eflFected automati- 



Fig. 7. Three-phase commutator motor type FS 6, 9/3 h.p., 1,500/500 
r.p.m., with single reduction gear, type VE, 750/250. r.p.m. 








Hg, 8. llmUe VD aucmUed with 
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cally ill 4 very simple manner by 
providing the intermediate shafts with 
spring axial adjustment. For this pur¬ 
pose the outer ball bearing of the 
intermediate shafts is of the single 
ww type and is so arranged that it 
IS able to move axially inside k fixed 
sprins bearing housing the springs 
of which are carefully adjusted so 
that they are equally loaded. The 
teeth of the pinion and gear wheel 
are cut so that they are inclined in 
the same dir^tion, and a small axial 


n 


component of tangen- H I 

Hal stress is obtained. 

Thus no tendency to 
axial vibration, due 
to the inevitable errors 
in pitch which in the 
herringbone design 
causes the load to be 
thrown alternatively 
from one half to the 
other is encountered. 

The single helical cut 
gearing does not ne¬ 
cessitate special flex¬ 
ible or elastic supports 
of the wheels in order 
to compensate for 
load-variations in the 
gearing itself. The 
single row ball bea- Q E 

ring takes up this *• •’wring h<mdng an- 

component and trans- ^ «ii*«rtiinitan. 

fers it to one or other of the springs. Accordingly 
if one of the intermediate shafts, due to any 

k rr L*”*^*^ transmits more than 

half the total power, the result is that this shaft 
is displaced to some extent iii. the axial dircc- 
Mon and the greatest inequality in the loading 
doM not pceed 10 X. The maximum stresses 
L r .J”*" themselves can accordingly only 
greater than the value estimated for 
perfectly even load distribution. Lastly It may 
be mentioned that after the spring housings 
have been adjusted in the shops the arrangement 
8 locked, so that in the event of the gear being 
dismantled for any reason it is certain that the 
same pressure will be obtained on re-assembly. 

The secondary (slow-speed) shaft is carried by 
one single row and one double row ball bearing. 


10, Tbree-plinc ^muutor rooior type PS 7, lift h.®.. I,50(V«00 r ■> na »iih 
doable tediKthM ^pe 













K^lI. ImiHttlon moMr typeMK9. Form Q, Arnuincmml Ml, I h.ik, 
l,3M) r,p.m., with double radnclion igeer. type VF 12, I490|M r.p,in. 

Direct Coupling and Belt Drive, 

All the gcar.s described are arranged for direct 
connection to the driven machine through a 
flexible coupling. Suitable flexible couplings ate 
included in our various machine lists. 

The gear.s can, however, also be arranged for 
belt drive, or for transmitting their power through 
additional gearing. In this case the free end of 
the slow speed .shaft of the gear must be ex> 
tended and provided with a special outer bear¬ 
ing. In order to prevent additional stresses in 
the shaft extension due to bearing-wear the 
outboard bearing should also, like the bearings 
In the gear, be a ball bearing. When slide rails 
are required for belt drive, the motor, together 
with, the gear and the outboard bearing, must 
be carried upon a common bedplate. 

Special geared motors of this design can be 
quoted for on request if all necessary particu¬ 
lars arc supplied. 


ace assembled. They are accordingly suitable for 
use with most kinds of industrial machines, line 
shafting etc. When, however, the load is very 
variable or gives rise to shocks and when re¬ 
versing service is in question, full particulars 
should be given and a suitably heavier type 
employed. For driving reciprocating compressors 
or pumps the running conditions and the 
tangential stress diagram must be investigated 
in each case in order to detennine if a geared 
motor can be employed by using a flywheel 
on the shaft of the reciprocating machine. It 
is absolutely impossible to use these gears for 
drive of machines, where the torque regularly 
varies from a positive to a negative value. 
Precision gears for larger ratios than 1:40 or 
gears for increasing the motor speed, and de¬ 
signed either for assembly direct with the motor, 
or for separate mounting and direct coupled to 
a motor of endshield or pedestal bearing type, 
will be quoted for on request. Plaitetary ge.-irs 
also, which are particularfy suitable with certain 
ratios for driving generators from slow running 
vertical shaft water turbines, or for use between 
generators and exciters on particulsirly large 
slow speed units, will be specially quoted for 
as cases arise. The planetary gear has, however, 
a rather lower efficiency than a simple gear, so 
that the latter is to be recommended when the 
generator can be erected eccentrically with 


The gear Cjising must be fliled with oil up 
to the mark set on the oil stand pipe. The oil 
used should be Mobiloil B Medium, or oil of 
some other brand having similar properties. The 
use of thinner or thicker oils and higher oil 
level than just sufficient for the tops of the 
teeth to dip about V/ deep into the oil lowers 
the efficiency and prevents the best results 
being got out of the gear. 


Application, 

These precision gears are intended for any 
load which is relatively free from shocks, and 
for gunning continuously in the same direction. 
They are designed to carry the same overload 
as the corresponding motors «with which they 




Rg. 12. llinetilMfC tni* GS IJ. S5 kVA, 1,000 r.|i.in.. 

with plMMtiry gear IMcjOl r.p.m. 


cesp«ct to the ddving 
shaft. 

In order to show 
the approximate extent 
of the saving whiclt the 
use of gearing allows, 
we append the follow¬ 
ing examples. 

An induction motor 
of from 200 to 300 h.p. 
at ISO r.p.in. is app¬ 
roximately 33 % more 
expensive than a high 
speed motor and gear 
for the same output. 
The power factor is also 
improved about 25 % 
and the overall effl- 



1^, DO wutor 
rately moimi 


type K lOO b.p.. 62DWO wiOi 

M single raduetton (tear, 2lZPi7% r.p.tn. 


ciency is somewhat 
higher. 

An autosynchronous 
motor of 200 kVA at 
200 r.p.ni. with ex¬ 
citer is about 25 ^ 
more expensive than 
a geared motor of the 
same output. 

A vertical synebro- 
nou.s generator of 150 
to 300 kVA at 83 
r.p.m. is about 33 % 
dearer than a generator 
with gear for the same 
output. The efficiency 
is increased by app- 
roxinaately 2 


SWITCHBOARDS FOR PALESTINE AND PORTUGAL. 



Fig. I* SwildilKMrii Ibr 


Fig. 1 shows one of Asca’s swifchboatds de- 
livered to "The Portland Cement Co. Neshet 
Ltd” In PalesKne. The switchboard is installed 
to control a generating and distributing station 
In Nesher, an Industrial centre approximately 
eight kilometers from the harbour of Haifa. This 
plant consists of three generator units with a 


total output of 2)660 kVA from which power 
is distributed to the cement works in Nesher. 

All the electrical equipment has been supplied 
by Asea. The switchboard is built of sheet Iron 
in accordance with our standard design E. The 
switchgear behind the board is divided into two 
sections with an inspection gangway between 
them. The busbars are located over the inspec¬ 
tion gangway to fscilitate connection to the two 
sections. 

The -generator panels ate grouped In the<’cen- 
tre 4of the switchboard and there are three di¬ 
stribution panels*at each end. 







Kilt. SwilchlKWird for Porhiut 


Fig. 2 shows a .switchboard built by Asca for 
a generating and distribution station in-Lisbon, 
containing two generators type G 183 and one 
type G 205 witli a total output of 1,750 kVA 
at 400 volts. This station is to supply power 
to the largest and most modem mill and bakery 
of its kino in the Iberian Peninsula. 

This switchboard is in accordance with our 


standard design O of white Italian marble with 
sill and cornices of green marble. As will be 
seen from the photograph, the switchboard con¬ 
sists of three generator panels, four distribution 
panels, one synchronizing panel and two spare 
panels for hiturc feeders. 

This order was bandied by Messrs. Jayme da 
Costa Lttda., our representative in Portugal. 



Tlw fiftnfe shows on fotorlor focMo Tho KIcctrical KathiblHon at Oporto In 19M at which Asea's 
npiotenlaiivss in Foctugal, Mossn* da CmU Ltithu, bad amnged a comprdwnsivo 
{•d vary sticcossnd otblbltioa or the Asca*maiiufactitre. 
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ELECTRICALLY DRIVEN ROLLING MILLS. 


The use of electric motors for driving tolling ed on the utilisation of the many existing wa* 
mills is iM>w so general that when laying down terhills, so that the generation of electricity is 
new mills, or modernising those already in concentrated at hydro-electric power stations, 
existence, the use of any other motive power which have naturally been ftflrnished for the 
rarely receives consideration. Side by side with distribution of power in the form of AC over 
the demand for electric motors for rolling mill wide areas for consumption. The Swedish iron- 
drives there has grown an insistance on in- works, accordingly, have only AC available as a 
creased capabilities: and it can safely be said rule, and a substation for converting to DC has 
that the electric motor has met all demands in general not been taken in hand on account of 
tnade upon it in a satisfactory way, both as the cost. In countries such as England, Belgium, 

regards reliability, France, and Germany, the ironworks are con- 
and adaptability to centratcd at the coalfields, and usually have 
varying conditions, their own large blastfurn.ice installations from 
In Sweden this que- which blastfurnace, gas is obtained, as it were, 
stion of adaptability gratis and used for running gas engine or steam 
has. without doubt, turbine driven power stations the supply being 
made the electric In this case wholly or partially DC, as found 
motor more indis- most suitable. 

pensible for rolling One reason which has contributed to the 
mills than in other general adoption of AC motors in Swedish 
countries. The Swe- rolling mills, In spite of the requirements as 
dish iron industry regards variable speed, is that simple means 
since early times has were discovered at a very early date ror obtain- 
been Justly celebrat- ing such variable s^ed even with AC ma- 
ed for articles of chines. The methocb which came into use as 



special quality, and the rolling mills are not. 
in general, intended for what is commonly 
known as mass production, but ate Intended 
to' handle smaller quantities of nutetial, often 
of widely varying character. 

This means that the rolling mills must be 
flexible, i, e. they must be able to handle work 

of any quality and dl-_ 

mensiom required at the 
time. This influences the 
selection of the driving 
motor to a great degree 
as the motor must be 
adaptable as regards out¬ 
put and speed to suit any 
desired rolling program. 

Ever since 18^, when 
the first electric tolling 
mill motor was installed 
in Sweden, rolling mill 
motors for the Swedish 
iron works have been 
made, with few exceptions, 
for Ac supply. This is 
also a point of difference 
from other countries 
where DC has come much 
more into use. 

The aarly and far reach¬ 
ing electrification of Swe¬ 
den has however been bas- 


long ago as 1899 were based on K. A. Lind- 
stroms and R. Dahlanders pole changing device 
and on E. Danielssons tandem connection. These 
same methods are still employed although to a 
reduced extent on machines for new installations 
supplied by Asea. 

The general use of AC motors can also be 
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ascribed to the fact that In comparison with DC 
motors the construction is more simple and this 
is a great advantage in rolling mill work. 

A number of the arrangements more com* 
monly in use are considered below, and several 
typical Asea installations are described. 

Electric rolling mill motors can be suitably 
divided into two main groups; 

1. Single speed motors. 

2. Variable speed motors. 

I. Single Speed Mofots. 

The motors in this group are almost without 
exception ordinary induction motors. These were 
the first machines used for electric colling mill 
drives, and even to-day represent the best prac¬ 
tice for the work where variable speed is not 
required by the tolling program. Mills for which 
these motors are suitable arc in general those 
where one .^quality or size of product only is 


to be rolled, more particularly 
for Plate Mills, V^te Mills, etc. 

At the same time these mo¬ 
tors are used to a large extent 
for breaking down tolls were 
the billets are afterwards pas¬ 
sed through separate finishing 
colls. 

As the toll speeds in a 
number of cases are lower 
than those for which induction 
motors can be economically 
built, the power is usually trans¬ 
mitted to the roll shafts by 
some kind of reducing gear or 
rope drive. Rope drive is the 
most usual. For wire mills and 
light work in general, the rol¬ 
ling speeds are so high (up to 
500 r.p.m.) that induction mo¬ 
tors can with advantage be di¬ 
rect coupled. A common ao 
rangement Is for die finishing 
rolls to be direct coupled to 
the motor and to drive the 
roughing rolls through reducing 
gear. 

On account of the nature 
of rolling mill work the equip¬ 
ments are practically without 
exception constructed with fly¬ 
wheels which enable the motors 
to be of a more economical 
size, being designed to deal 
with the average power require¬ 
ments only. The work done by 
the mill is derived from the 
motor and flywheel continuous¬ 
ly working in conjunction with one another. 

To enable the energy stored In the flywheel 
at any speed to be made use of, it is necessary 
fw the speed to be reduced. As the flywheel 
e&ct (or energy of rotation) is proportional to 
the square of the speed in accordance with the 

well-known formula, the work obtain¬ 

able from the flywheel by reducing its speed is 
proportional to the difference of the squares of the 
highest and lowest speeds. Accordingly if the pe¬ 
ripheral speed of the flywheel is reduced from Vi 
to Vj and the weight of the flywheel concentrated 
at the periphery is m, the power recovered is 

(vi*—Kj®). If the speed is reduced for ex¬ 
ample 10 the amount of power recovered is no 
less than 19 ^ of the total energy of rotation of 
the flywheel. As however the dip of an ordin- 




MM. 


$istauc« with movabU electrodes 
countec'baUnced by a lever with 
counter weight and actuated by 
the induction regulator C, wbicn 
is electrically connected to the 
rolling mill motor's primary 
circuit by a current transform 
iner. This method has been 
largely used in conjunction with 
the well-known Leonard-Ilmcr 
system, and can in gcneniT be 
said to be suitable (or such 
work when the load variations 
are relatively slow. If the load 
variations are rapid, the method 
is much less satisfactory, On 
.iccount of the relatively large 
masses which have to be moved, 
the whole system works .some¬ 
what sluggishly, so that dif¬ 
ficulty arises in.iuaking It act 
sufhciently fast to keep up with 
a rapidly fluctuating load, and 
as a consequence overshooting 
and hunting take place. 

Another method which (ni¬ 


ne. 4. 

ary induction motor with increasing load is 
inconsiderahle, only a very small part of the 
energy of a flywheel coupled to it can be uti¬ 
lised to relieve the load on the motor, and 
consequently the load on the power supply. 
On this account induction motors for tolling 
mill work are generally furnished with extra 
rotor resistance so that a bigger speed drop is 
obtained with increasing load, and a larger 
proportion of the flywheel energy is recovered 
during the periodic overloads occurring during 
rolling. The load on the supply by this method, 
however, i.e. with a constant slip resistance, 
must always be very unsteady, although quite 
satisfactory in many cases. If however it is ne¬ 
cessary to keep down the maximum demand, 
or if it is desirable to keep the power fluctuat¬ 
ions between certain limits, the slip resistance 
should be (umished with a regulating device 
of some kind which enables the resistance to 
be altered during the rolling in proportion to 
the load taken at each instant. As it would be 
far too troublesome to attend to this regulation 
by hand, seme kind of automatic regulator is 
used to give the variation In resistance required. 
The best known of tbe various methods is that 
making use of a liquid resistance and induction 
regulating device. The working principle of this 
method of regulation is shown in fig. 1 where 
A is the rolling mill motor, B the liquid te- 


fils the difficult requirements 
of quick regulation is the so- 
called relay method where relays effect the 
automatic variation of the resistance. 

Asea has recently furnished automatic slip 
regulators bn the last named principle to two 
Swedish rolling mills. One of these installations 
belonging to the Avesta Iron Works has been 
in use for some time, .and as the installation is 
of interest from several points of view, a short 
description of it will be given. 

Tbe rolling mill in question consists of two 
plate mills (or rolling heavy boiler plates, ship 
plates, etc. The tolling mills ate exceedingly 
heavy for their size. The toughing rolls weigh 
22 tons each. Both mills ate constructed on the 
three high system with three parallel smooth rolls 
of which the middle one is adjustable. The mills 
are designed for a yearly production of about 
30,000 tons of finished tolled plate, and for pro¬ 
ducing plates weighing between 4S0 and 4,000 
kgs. The power tot driving tbe mill is obtained 
from a 500 h.p. water turbine, having a speed 
of 65 r.p.m., direct coupled to the rolls, and 
flom a three-phase Asea induction motor of 
800 h.p. with a synchronous speed of 300 r.p.m., 
500 volts, 50 cycles. This last drives through 
ropes on to a large rope wheel mounted to¬ 
gether with a flywheel on- the extended shaft 
of the. rolling mill. The diameter of this wheel 
is 9 metres, and the combined flywheel effect 
is GD* - 3,000,000 kgm*. 
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fig. S. R(by paneb (ot aakinuilk (lip ngublkm at Amb Iran Worb. Sntilm. 


On Account of the nature of plate 
rolling, the peaks during the first 
passes are of exceedingly short du¬ 
ration. When designing the electrical 
equipment, the problem arose, bow 
to arrange automatic slip regulation 
so as to obtain the maximum possible 
benefit .from the flywheel and to 
limit the power taken from the supply 
to a value corresponding to the mean 
power required during every rolling 
program. It was immediately obvious 
that the result with the older method 
using an induction regulator and li- 
quia resistance (ould not be expect¬ 
ed to be satisfactory. On this ac¬ 
count Asea decided to introduce the 
relay method. 

A.h it would take too large an 
amount of space to describe in detail 
the regulator*supplied by Asea in 
accordance with this principle, we 
refer to fig. 2 which, clearly shows 
the chief details of the arrangement. 

The principal parts of the apparatus 
arc denoted in the figure as mllows: 

1, 2, 3, 4, 5, and 6 arc six contactors ar¬ 
ranged to short circuit in turn the divisions of 
the regulating resistance 12 which is connected 
in the rotor circuit of the motor. 

7 denotes the 6 overload relays. 

8 denotes 2 current limit relays. 

9 is a tapping changing switen for obtaining 
different ratios on the current transformer 11. 

13 is the motor starter, and 14 the rolling 
mill motor. 

As stated above the arrangement is designed 
to keep the power taken from the supply within 
certain limits. At a predetermined minimum 
value of the current the current limiting relays 
(8) operate successively completing the operating 
circuit of the solenoid switches which short 
circuit the resistance and reduce the motor slip. 
During these periods the motor accelerates, 
storing up energy in the flywheel. At a prede¬ 
termined maximum current the maximum relays 
(7) come in their turn Into operation, breaking 
the operation circuit of the short circuiting switch, 
and thus introducing resistance and increasing 
the slip. During such periods the motor slows' 
down and energy is returned from the flywheel. 
Both maximum and current limiting relays ace 
excited by their own current transrormers (11) 
which ace provided with a number of tappings 
corresponding to a number of different current 
valaes (mean values) for which the arrangement is 
designed to regulate. Setting for different cumnts 
is effectedi^by. the multiple contact switch (9). 


This arriingeraent has been in use for some 
time and h.is operated in a perfectly satisfactory 
manner. 

Figs 3 and 4 show the calculated power 
demand both with permanent slip resistance 
and with automatic regulation as described above. 
The advantages of the last are apparent from 
the curves. 

Among other methods which have been tried, 
or at least discussed for automatic slip regula¬ 
tion, can be mentioned a method which depends 
for its action upon speed variation. Tl\e auto¬ 
matic regulator can In this case be entirely 
mechanical, /.e, a speed regulator which acts 
directly on the slip rheostat in such a way that 
more resistance is connected in circuit as the 
speed falls, and is short circuited as the speed 
increases. 

As mentioned above the function of an auto¬ 
matic slip regulator is to limit the power demand 
on the system to an amount corresponding to 
the mean value. No arrangement ror keeping 
this demand quite constant can be realised in 
practice. Thus it is obvious, for example, that 
if there should be a pause in the rolling, the 
demand must sink to the no load value. 

Apart from the more effective smoothing 
out of the power curve which can be obtained 
by automatic slip regulation compared with 
what is obtainable with fixed slip resistance, the 
automatic device has other practical advantages. 
Thus the motor is used to better advantage, the 







no load speed is higher, and the maximum 
speed drop lower, from which it follows that 
the retardation and accceleration. periods are 
shorter and that the time for the pass and the 
time between passes is shorter. The automatic 
regulator consequently makes increased pro¬ 
duction possible. If this possibility is not taken 
advanta« of for any reason the size of the 
flywheel can be reduced as an alternative, or 
the size of the motor and its maximum torque 
can be reduced. 

With any kind of automatic slip regulation 
it is necessary to see that the flywheel is sufil* 
ciently large to enable the amount of the slip 
to be kept within reasonable limits, preferably 
not exceeding 15—20^. 

It must not be forgotten that when the slip 
of an induction motor is increased by introduc¬ 
ing rotor resistance, a loss is introduced which 
is at each instant nearly directly proportional 
to the magnitude of the slip. Assuming for 



example that a rolling mill motor, furnishes an 
ayeran of 1,000 h.p, during a tolling process, 
and that it is-furnished with a rotor resistance 
which at this output causes a. slip of 10^, then 
100 h.p. is continuously wasted in the resistance. 
It follows from this that the efficiency of an 


induction motor furnished with a slip resistance 
is never favourable by comparison with that of 
other types of motor and other systems, in spite 
of the fact that the motor running alone may 
work with an exceedingly good efficiency. In 
this connection it should however be carefully 
observed that the average losses due to tite slip 
resistance are dependent on the averse output 
of the motor during rolling. It accordingly 
follows that the average loss in the resistance 
of a motor designed for a maximum slip of 
10^ is certainly not as great as 10^. 

Considered with regard to the maximum slip 
and load respectively, the average loss in the 
resistance is on the contrary very small. 

Apart from the automatic regulation of the 
slip the installation considered above is of in¬ 
terest from the point of view of the parallel 
loading of a water turbine and electric motor. 
The combination of a water turbine and motor 
for driving a rolling mill is by -no means new, 
and this arrangement has been used in many 
installations in Sweden. The combination has 
arisen naturally enough in cases where a water 
turbine has been used in the first instance for 
the drive, but has been of insufficient size to 
deal with later extensions to the mill. Driving 
of rolling mills by water turbines has always 
been common in Sweden, but during the last 
few years these drives have been more and 
more displaced by electric motors, as mills have 
been brought up to date, their size increased, 
and iron works electrified throughout. In water 
turbine driven mills where an increase in the 
power has been found necessary, and where 
the water power cannot be suitably used for 
some other purpose, in most cases an electric 
motor has been installed as an addition to the 
turbine. Naturally in such cases it is desirable 
that the turbine should run as far as possible 
fully loaded, and that the electric motor should 
deal with the extra power which the turbine is 
unable to supply. 

For such parallel running of a turbine and 
motor a number of careful measurements must 
be made beforehand. To prevent dangerous 
overloads on the motor, the turbine should run 
with as big a margin of power as possible so 
that at the speeds normally occurring it does 
not work up to its full capacity. Further the 
motor should have a suitable slip so that the 
flywheel effect can be used over the peaks. The 
parallel drive can be most easily studied by 
reference to the curves in fig. 6 which show 
the torque of turbine and motor in relation to 
the turbine speed. * 

l%e power of a water turbine as a function 
of its speed cah be represented,/it is known. 
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by a curve which approximates to a parabola, 
and in this case the curves of power and tor¬ 
que are much as shown in the figure. Vl^tliout 
introducing great errors the torque of the mo¬ 
tor can, up to a certain maximum, be taken to 
vary as a strai|ht line. 

Assuming now that in accordance with fig. 6 a 
turbine with a speed of 65 r.p.m. gives 100^ 
torque, or about 5,500 mkg, and that the motor 
with approximately the same relative speed gives 
160 ^ of the turbine torque or about 9,000 mkg 
(this relation between turbine and motor tor¬ 
que is that obtaining for the installation in 
question), then an increase in the load certainly 
causes the torque given by the turbine to in¬ 
crease above the 100 but only to a very 
small exteiit while the motor's torque is very 
greatly increased. All increases in the load torque 
above the normal torque of the turbine are con¬ 
sequently for the most part thrown on the 
motor. This Is the case to the greatest extent 
when the motor works with small slip as shown 
by curve A~B. Accordingly if the motor is 
allowed to run with a larger slip, e.g. as shown 
by curve C—D, it is spared to some extent, as 
the rotating masses can give up a certain amount 
of energy. If there is a cessation in the rolling, 
i.e. if the driving machinery runs at no load, 
which we can assume to require for example 
45 ^ of the normal torque of the turbine, then 
the hirbine tries to increase its speed up to 
90 r.p.m. \(^th a motor whose torque curve 
coincides with C—D the speed also tends to 
increase to this value unless prevented by the 

! governor, and the turbine deals with the no 
oad requirements alone, the motor's torque 
being zero and its speed that of synchronism. 

\(^th a motor running according to curve 
A—B, as synchronism is reached at 65 r.p.m., 
the turbine speed never rises to such a high 
value, since the motor when run above synchron¬ 
ism begins to absorb mechanical energy and 
to act as a generator. The load on the turbine 
is consequently increased above the no load 
value, and its speed rises to a value at which 
the power developed by the turbine is equal 
to the load absorbed by the rolling mill and 
the motor. The power delivered by the motor 
running as an asynchronous generator is equal 
to the power developed by the turbine decre¬ 
ased by the power required to tun the rolling 
mill at no load and by the losses in the motor. 
From the above it follows that by using a com¬ 
bination of motor and turbine, power can be 
returned to the network during the rolling 
milHs no load period, and at the same time the 
turbine can be practically fully loaded during 
the whole process. 


If the motor is small compared with tlie tur¬ 
bine and has a large permanent slip resistance, 
it is an advantage to have the motor’s syn¬ 
chronous speed near to the runaway speed on 
the turbine, as by this means dangerous over¬ 
speeds during no load periods are avoided. 

It should be noted that the above remarks 
have not taken into account the presence of a 
turbine governor. By using a suitable motor, 
however, the advantages of such a governor are 
very small. In many cases it may even be a 
disadvantage to make use of one. Turbine go¬ 
vernors are not accordingly used with the rolling 
mills under consideration. 

It should be evident from the above that it 
is an advantage to use automatic slip regulation 
where a turbine and motor .ire running, in con¬ 
junction. Suppose for example that curve A—B 
is the torque characteristic for a motor with 
short circuited rotor, and curve E—F that with 
the greatest amount of slip resistance connected, 
then automatic regulation can be said to give 
rise to a rotation of the torque characteristic 
about the point 65 r.p.m. and between the 
extreme positions A—B and E—F in propor¬ 
tion to the load, so that for a certain maximum 
load we obtain the position E—F, and for a 
certain minimum load the position A—B. Bet¬ 
ween certain maximum and minimum values of 
the load the motor contributes approximately 
constant power, while during the no load pe¬ 
riods the rotor is automatically short circuited 
so that dangerous over-speeds are avoided, and 
at the same time the amount of power returned 
to the supply by the motor is the largest pos¬ 
sible. 

By a suitable selection of motor and turbine 
with regard to speed and output, it Is possible 
to obtain parallel running wb'ch is almost ideal. 

It has been assumed above that the turbine 
runs with fitll flow of water continuously and 
with full gate. Accordingly if the water begins 
to fail, as may often be the case, the motor 
cannot be protectee^ against overload, if the 
rolling program is continued as before. In cases 
where a lack of water is expected periodically, 
there is no possible course except to design the 
motor with large overload capacity. In this con¬ 
nection also it may be of assistance to point 
out that when there is a lack of water, it can 
easily happen that the turbine actually Imposes 
a load on the motor which in addition to its 
other work has to run the turbine "backwards" 
i,e. above its natural speed. 

As stated before, AC motors are used in 
overwhelming majority for driving Swedish 
rolling mills. 

With the developments which have now taken 




a , V 

flrom—IXifcfiindtr ttdle 
dwii^lltng mHboo. 


place in efectcical inacbine 
design* there no longer need 
be any hesitation about in* 
stalling DC rnotors wher* 
ever they seem to offer ad¬ 
vantages, even though AC 
motors ace still unsurpassed 
as regards reliable operation. 

11. Motors with vsHabh speed. 

From the point of view 
STATOR 0^ speed variation these mo¬ 
tors can be divided into two 
main groups, viz.: 

ROTOR Multi-speed motors. 

B. Motors with speed re¬ 
gulation. 


A. Multi-speed motors. 
To this group belong AC 
moto» wtin pole changing 
devices, and tandem motors. 
As previously mentioned, 
•mma • motors of this kind have been 

very widely used for rolling 
mill drives, and in general 
can be said to be suitable 
for such work when the product is determined 
at the outset, and where variations in quality 
and dimensions ate few- As the speed of an 
induction motor, at any given periodicity, is 
inversely proportional to the number of poles, 
these special machines can only 
have one speed corresponding to 
each number of poles obtainable .' 
by dl6Eerent combination's of the 
winding. If only two spee^ are 
required, these Mn be obtained 
by three different methods, viz: 

1. Lindstrom—Dahlanders pole¬ 
changing device. 

2. By separate motor windings, 
and 

3. By tandem connection (Da¬ 
nielsons patent). 

1. JJndsif<m—DaManders Pole- 
chat^ng Device. 

This arrangement Is most suit¬ 
able where the two synchronous 
speeds arc in the ratio of 1 to 2. 

The motor is wound exactly like 
a standard machine,^ but the con¬ 
nections between the coils ace so 
arranged that by a simple change¬ 
over switch the number of poles 
can be altered In the ratio of 2 


to 1. A two-speed motor of this type develops 
the same torque at both speeds, i. e. its output 
at the h^er speed is double the output at 
the lower speed. Fig. 7 shows the diagram of 
connections for thi.s method. 

2. Motors with two Separate Windings, 

These arc used where the two speeds are not 
in the ratio of 1 to 2, but lie nearer to one 
another. Fig. 9 shows a diagram of connec¬ 
tions for this method, which as a general rule 
is suitable for use where the voltage is low. 
-If the two speeds are In such a ratio that a 
corresponding number of poles cannot be suit¬ 
ably obtained, and if the voltage is high, the 
' third method is used, viz.: 

3. Motors in Tandem in accordance with Dani¬ 
elsons Patent. ; 

This consists of two separate motors mounted 
upon a common shaft of which one, the main 
motor, is connected to the supply and the other, 
the secondary motor, is connoted in the rotor 
circuit of the first. Of the two speeds the higher 
is obtained by running the main motor alone 
(as an ordinary single speed Induction motor) 
and the lower by tandem coupling the motors 
as described above, when the sum of the num¬ 
ber of poles of the two motors determines the 
speed. The secondary motor can be constructed 
as a squirrel cage machine. 



Atej tlwphMe 400 volu. 


SO cydet. 
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Fig. 9. 2fpeeJ motor havlnft 2 Flit. lOl .VsfiMd Iflndem motor, 

fcimrote wimifngs.* 


If several speeds arc required, tandem coup* 
ling can also be used. Thus, three speeds can 
be obtained by constructing the secondary mo* 
tor as a tw6*speed mo« 
tor. By other similar 
combinations of the a* 
bovc methods it is pos* 
sible to obtain up to 
six different speeds. 

Figs. 10 and 14 show 
two coupling diagrams 
Cor tandem motors in 
accordance with this 
principle. 

In comparison with 
single*8pecd induction 
motors multl*speed mo* 
tors built in accordance 
with the above prin* 
ciples have somewhat 
poorer electrical cha* 
ractcristics, such as lo* 
wer overload capaciw, 
power factor and em* 
ciency. This applies par¬ 
ticularly to tandem mo¬ 
tors. 

About25)l^of the rol¬ 
ling mill motors manu¬ 
factured by Asea have 
beeh constructed in 
accordance with the 
above methods, a cir¬ 


cumstance which shows the popularity they Iiave 
obtained in spite of their drawbacks. In a num¬ 
ber of the leading iron works in Sweden, among 
which can be mentioned Sandviken Iron Works, 
Fagersta Bruk, Fotsbacka Iron Works, Soderfors 
Bruk, etc., such motors were installed by Asea 
20~25 years ago, and are still running perfect¬ 
ly satisfactorily today. With regard to the re¬ 
covery of flywheel energy (by fixed or auto¬ 
matic slip resistance) everything that has been 
said earlier regarding single speed motors holds 
good. It should, however, be noted that with 
modern motors the slip must be limited in cer¬ 
tain cases to a relatively low value. 

At die present time mndein motors are be¬ 
coming obsolete for rolling mill drives, and are 
being largely displaced by more modern systems 
for obtaining several speeds. This applies also 
to two-speed motors with pole-changing device. 
This is not entirely to be ascribed to the mo¬ 
tor’s inferior electrical characteristics, i.e. power 
factor, efficiency, etc., but also in a hirger 
measure to the circumstance that the ability to 
deal with different tolling programs is more 
limited with these machines in comparison with 
mote modern systems of speed regulation. 
When a tolling mill equipment is under con¬ 
sideration, it is generally known what kind of 







98 


ASEA-IOURNAL 



IZ. Asea 




induction motor, 500 volts, 50 
cycles, 450 and 300 h.p. at speeds 
of 500 and 333*/* r.p.m. (syn* 
chronons) respectiv<^ly. This in- 
stallation is of, special interest 
as the motor is equipped with 
automatically regulated slip re¬ 
sistance of the same type as 
has been described forAvesta 
Iron Works. 

In this installation is in¬ 
cluded in addition rolling equip¬ 
ment for medium and fight 
work, also arranged for gear 
drive by an Asea two-speed 
three-phase induction motor, 500 
275 h.p. at 
both 750 and 500 r.p.m. (syn¬ 
chronous). 

These motors are with the 
**^*pHo!* of the one driving 
the sheet and plate mill equip- 

nuletUl It is lutendiMl to roll at ih, Uiik, but which k so «slsttncc, 

'o'Cp.i.ss; 

sible resources of the plant. B. Motors with speed regulation. 

?rth?prodwt.^^^^ *'****^ demands made 2. Reversible motors. 

These motors, also possess electrical 
characteristics which are more nearly 
comparable with those exhibited by 
a!?.?*** motors. As lately .-is in 
1919-1920 Asea has ^stalled such 
two-speed.motors for foiir rolling mills 
at Hellefors Bruks A.-B. and Motala 
Verkstads A..B. (now A.-B. Lindbol- 
™®n Motala). The first of these (Hcl- 
“fw*) consists of a wire rod mill 
sets of rolls direct coupled to 
an 800 h.p. Asea three-phase, two-speed, 
induction motor, wound for 800 volts, 

50 cycles, and designed for synchron¬ 
ous speeds of 500 and 375 r.p.m., and 

*'^‘’*"* rope-driven by 
a ^ h.p. motor of similar type, 380 
volts, 50 cycles, 375 and 250 r.p.m. 
synchronous. 

The installation at Motala consists 
of a plate and roughing mill, arrang* 
ed for driving through a reduction 
ge.ir by an Asea two-speed, three-phase 







• I 1. Motors Ran- 

- 1 - ning Contittuoas- 

ly in the Same 
Direcihtt. 

For these mo¬ 
tors <1 further 
^ U izj—I distinctton can 

I ^ I be made between: 

U j-l a) Continuous 

: I I current systems 

and b)Altcrnat- 
iiig current sy- 

(^\ 

J I a ) DC Systems. 

r n The rolling 

I—. i-Tl!—I V ~' I mill driving mo- 

‘ |i I ‘ _ -I ft ^ f f tor is in this case 

I III a DC motor 

I I either run direct 

jff—;-1 from a DC supp- 

ly or from a von- 
vertcr supplied 
XiX with AC. We 

have already 
Kii:. 14. 4.ip««d uudtw motor. mentioned that 

the DC motor 
has been largely employed for rolling mill drives 
on account of the good speed regulation obtain¬ 
able. 

The speed of a DC motor is regulated by 
introducing re.sistancc, either into the armature 
circuit (scries regulatioit) or into the shunt field 
(shunt regulation), and lastly also by the well- 
known Ward-I,conard system. Of the above, 
scries regulation has not been very largely u.sed 
for speed regulation on account of the instabi- 




nt. 15. Am 4 Ihxc-plwiw tarakm molw. tiVUWlOO h.n. (onlldneatlr, 
for IntM niilii« mill %t ButRiwo bod WmIu. 


KIk. 16. Torque «imI power In rrUlIwi to speed for a ekoni leitulaltd 
DC motor, wtr => 


lity of the speed with varying load. Shunt re¬ 
gulation, which gives a practically constant speed 
for each value of the shunt field current, can 
be looked upon as being Ideal for a tolling mill 
drive. 

A DC shunt motor having shunt regulation 
is capable of practically constant output over 
the whole speed range, i.e. it has an increasing 
torque with decreasing speed (see fig. 16), which 
is just what is required in the majority of rol¬ 
ling mills. It is the usual practice to roll the 
hardest grades of steel at the lowest rolling 
speeds when the greatest torques ace required. 

In addition the regulation is easily 
carried out and is practically free 
from losses. 

The third method of regulation, 
the Ward-Leonard system, has 
likewise come into use for rolling 
mills running continuously in the 
same direction, but this method 
has become of greater importance 
I for reversible mills.Ward-Leonard 
i regulation is obtained by using an 
I additional motor generator set, 

• the DC generator of which pro- 
i vides the power for driving the 

• rolling mill motor. The voltage of 
the generator is controlled by re¬ 
gulating its separately excited shunt 
field by which means the speed 
of the rolling mill motor which 

- .......... is also separately excited is pro- 

/axyu portjojj^l generator voltage 






at each instant. The colling mill molot con¬ 
sequently gives constant torque between stand¬ 
still and the required maximum speed, i.e. an 
output increasing directly with the speed (see 
fig. 18). It is often desirable to use a combina¬ 
tion of Ward-Leonard reaulatlon and shunt re¬ 
gulation for tolling mill motors. Suppose a 
colling mill is to be regulated between speeds 
ni and tia, but the maximum continuous output^ 
of N h.p. is required at a speed of iia. above 
which speed the output can remain constant, f.e. 
by consideration of the required torque the 
motor is dimensioned for N n.p. at a speed of 
iijj, with fall field, and for shunt regulation bet¬ 
ween nj and ii# (see fig. 19). In such a case, 

If pure Ward-Leonard control were employed. 



ng. 17. DC OMtor connected to loluy converter mid Icdosfonner. 


the size of the motor would certainly be the 
same, but the generator of the Ward-Leonard 
set would be larger and both motor and Ward- 
Leonard set would be less efficiently utilised, 
as can be easily appreciated by cetercnce to 
fig. 18. Let far example N h.p., correspond loi 
A amps at a voltage V 2 corresponding to a 
speed itf, tiien a Ward-Leonard generator is 
requited for -A kW(neglecting losses) which 
output is kept constant as the speed is Increased 
by weakening the motor field. Accordingly if 
Ward-Leonard speed control is used atone, the 
Ward-Leonard generator must be dimensioned 

for A amps and —»kavolts, kW, 

although the whole of this power is not used 
in useful work. 



As stated above the Ward-Lcon<ird system of 
regulation is of by far the greatest importance 
for reversing rolling mills. For mills running 
continuously In one direction the Ward-Lcon- 
ard system should only be used in exceptional 
cases, e. g. for speed regulation over particularly 
wide ranges and where it is necessary to reduce 
peak loads on the supply. In the last case the 
so-called Ugner system can be used, f.e. a Ward- 
Leonard set with the addition of a flywheel. 
The Ward-Leonard unit is then dimensioned for 
the mean value of the rolling load, while the 
flywheel is dimensioned so as to be able to 
deal with the load peaks by slowing the set 
down. By using automatically regulated slip 
resistance ,for tne motor of the Ward-Lconarq 
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supply can be kept constant, at any rate within 
limits, at a value corresponding to the mean 
value of the power requited for rolling. 

Fig. 21 shows the principle of connection 
for a WardoLeonard system. For rolling mills 
running continuously in one direction the DC 
motor with shunt regulation is the most com¬ 
mon, and is the sy.stem which has been very 
widely used on the Continent. This system can 
often be justified even where there is no DC 
supply. 

Conversion from AC to DC can be suitably 
arranged by a rotary converter, which at the 
same time can be used as a phase advancer. 
Where there is a high tension AC supply, the 
rotary converter is connected to it through a 
transformer. Figs. 17 and 20 show diagrams of 
connections for such an arrangement. 

At the same time the 
conversion from AC to 
DC by means of motor- 
generators must not be 
left out of account. As 
by their use transformers 
ate in most cases unne¬ 
cessary, and as in many 
cases motor generators 
can be run at higher 
speeds than rotary con¬ 
verters, this method of 
conversion is often ad¬ 
vantageous from the po¬ 
int or view of first cost. 

Certainly, phase ad-' 
vancing cannot be done 
without introducing 



Fig. 21, DC notor connected to ntolor generator set according to flie 
^an^ltcoiund systcM. 

further complications. If ph.ise compensation Js 
required, a synchronous motor can be used 
in8tc>id of a common induction motor. 

To recover power from the flywheel, DC 
rolling mill motors are wound impound, giving 
a falling speed with increasing load, which b 
exactly analogous to an induction motor with 
slip resistance, but differs in the fiict that the 
speed drop of a compound wound DC motor is 
accomplished, practically speaking, without loss. 

Smoothing out the load on the supply can 
be further accomplished with theWard-Leonard- 
Uglier system by using an addition.nl machine 
coimied to the converter set and a so-called 
buffer battery, which acts analogously to the 
Uglier flywheel. 

b) AC Systems. 

Of die methods of regulating the speed of 
AC motors one of the 
greatest importance Is 
that which is based on 
the utilisation of the se¬ 
condary or rotor power 
(slip energy). 

Speed regulation ob¬ 
tained by me use of a 
secondary regulating re¬ 
sistance which tibsorbs 
the slip cnern possesses 
the same disadvantage 
as the series regulation 
of a DC motor, f.e. the 
speed varies in propor¬ 
tion to the load. 

The above mentioned 
method, known as the 














Kramer system after its inventor, in which the 
sUp energy is utilised, is characterised by the 
use of a common asynchronous motor as a 
driving motor the speed of which is regulated 
by the help of a cascade coupled regulating 
unit .which takes up the power available in the 
rotor, corresponding to the magnitude of the 
slip, and makes use of it in some way or other. 

On account of the negligible losses in the 
regulating unit this system of regulation gives 
a very high efficiency and this fact, more than 
any other, accounts for the popularity which 
has been attained by the method. 

To obtain actual speed regulation the speed 
variation possibilities of the DC motor and the 
commutator motor, which is allied to Jt in this 
respect, are made use of. Vl^th the help of 
some of these motors the speed of the main 



induction motor is varied, and the power, in¬ 
duced in this way in its secondary winding 
(the slip energy) is returned to the supply or 
to the motor shaft. 

If for example the frequency of the AC 
supply is r corresponding to a synchronous 
speed of n# of the AC motor ana the rotor 
speed of this is to be reduced to speed n an 
AC current is induced in the rotor the frequ¬ 
ency of which is (1-* r, or 8 • », where s 

is the percentage of slip and if the power given 
out by the motor is N synchronous h.p. the 
slip power \s s-N h.p. If this last quantity, 
as in die. case of the employment-of slip re¬ 
gulating resistance, is not maae use of then at 
a speed n and with a normal output N there 
would only remain A/(1—s) h.p. for useful work. 

In its oldest and most commonly used form 
the arrangement In question consists of an in¬ 
duction motor connected to the AC supply 
(the main motor), a DC motor mechanically and 
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electrically coupled to it (the secondary motor), 
and a rotary converter, The electrical connection 
between the main motor and die secondary 
tiiotor is carried out through the rotary con¬ 
verter whose primary (AC side) is connected 
to the secondary motor's annatute. see fig. 23. 

Speed regulation is obtained by regulating 
the shunt of the separately excited secondary 
motor. VCIth full excitation of the secondary 
motor, /.«, when the whole of the shunt re¬ 
sistance is cut out, the unit runs at Its lowest 
speed; the main motor witli maximum slip, and 
the rotary converter with maximum frequency. 

When the whole of the shunt resistance is 
in circuit, f.e. with a weak field on the secon¬ 
dary motor, the unit runs at its highest speed 
which is about 10 ^ under synchronism, so 
that the slip of die main motor is low and the 
frequency of the rotary converter so decreased 
that It Is only just turning over. 



The upper limit to the speed accordingly 
depends on the lowest frequency atwhich^syn- 
chronising power can be obtained for starting 
the rotary converter. In general the limit is jfound 
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to be \0^ below the main motor synchronous 
speed. Between the speed corresponding to syn. 
cnronism and a speed about iO^ below this, 
accordingly, no regulation is possible. 

The region within which regulation is pos¬ 
sible is thco(;cticaUy unlimited but on account 
of practical considerations a greater variation 
than in the ratio of 1:2 is in general not ad¬ 
visable. With a greater amount of regulation 
than this the size of the secondary motor must 
be increased very considerably and the whole 
system becomes more expensive and unecono¬ 
mical. 

The rotary converter which is also separately 
excited acts as an intermediary between the 
rotor of the main motor and the secondary mo¬ 
tor so that the main motor is able to give 
practically constant power over the whole range 
of speed variation. 

It should be noted that the main motor must 
be so designed that it can carry the full load 
current even at the lowest speed 
without undue temperature rise. 

The rotary converter must be 
designed for an output o( s • N 
h.p. with a frequency of a > 1 * and 
the secondary motor for an input 
of « ♦ A/ ♦ flo, at a speed n where 
% is the cmcicncy of the rotary 
converter. 

The slip power returned to the 
shaft of the main unit is accord¬ 
ingly s • N decretised by the losses 
in the rotary converter and second¬ 
ary motor, Le. s » N • ijb where 
is the cfticiency of the secon¬ 
dary motor. Thus a theoretically 
constant output cannot be obtained 
at the shaft of the main unit al¬ 
though with the usual amount of 


Another useful characteristic of this system 
is that the motor can work at high power factor 
due to the presence of the rotary converter which 
can be made,- without trbuble, to act as phase 
advancer. The- efficiency obtained is also as gbod 
as that for a single speed asynchronous motor, 
in reality somewW better, than for such a ma¬ 
chine, since there are ho losses in external rotor 
resistance. The reduction of speed necessary to 
nuke use of. the flywheel effect of the set is 
obtained by compounding tbe secondary motor. 
Here again tbe drop In speed should be kept 
within suitable limits especially at the lowest 
running speed when the secondary motor works 
with '’saturated" field. Otherwise a larger se¬ 
condary motor must be installed. 

An advantage from the point of view of stand¬ 
by plmt is that if any breakdown should lake 
place duriitg running on the various secondary 
machines work ne^ not be held up as it is 
possible to continue to run with the main motor 
alone as an ordinary induction motor. 

Fig. 24 shows the variation of power and 
torque , 1 $ a function of the speed showing a 
somewhat increasing torque as the .speed falls. 
This covers the requirements usually met with 
for rolling mill drives. At the .same time, as 
pointed out above, the unit can very well be 
designed for practically constant output and with 
torque increasing in proportion to the falling 
speed, but naturally at the cost of using some¬ 
what larger machines. 

If the unit is built for a relatively small out¬ 
put the rotary converter and secondary motor 
can be suitably replaced by a commutator motor. 

In the above we have only dealt with cases 



though with the usual amount or 
speed variation. the falling off in 
this .power is not considerable (a 
maximum of from 5 to 10^). 


27. *VacU4>lt fpced rolling mill motor. Aiea-Kromcc 1,000—M lup., 350—230 

Klottm Sljonmnid. 
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where the slip power is returned 
to the shaft of the main motor 
unit. Although this is in general 
most suitable it is possible in cer¬ 
tain' cases to make use o£ the same 
principle by returning the slip 
power to the supply. An occasion 
tor this would, be where it is only 
necessary to get tlic same torque 
over the whole range of speed, i.e. . 
where the output is required to be 
proportional to the speed (see fig. 

26). For returning the slip power 
to the supply there are several 
methods. Thus it can as before be 
converted to DC in a rotary con¬ 
verter which however is connected 
to a separate motor generator con¬ 
sisting of a DC motor and an 
asynchronous AC generator in ac¬ 
cordance with fig. 25. Here also h«. 2 *. VatfaMt 
the rotary converter and secondary 
motor can in certain cases be replaced by a 
commutator motor. Further the slip power can 
be returned to the supply through a frequency 
converter connected to the supply through a 
booster transformer. 

Of the advantages obtained by returing the 
slip power to the supply, the fact that only one 
motor in the main driving unit is necessary may 
be mentioned, as this saves considerable space. 
Further there is nothing to prevent the regulatiitg 
machines being driven ’’backwards*', /.«. used to 
take energy worn the supply and thereby cun 
the main motor which can thus be driven above 
synchronous speed. 

The rolling mill motors which have been con¬ 
structed by Asea .on the principle under conside¬ 
ration have all been designed for returning the 

’*?( I I I I I I I I I-1 
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• speed lolling syilem. 700 h.p., <100-300 r.p.mM 

nt Homebb Iron Works. * 

slip energy to the shaft of the rolling mill motor 
by means of a secondary motor direct coupled to It. 

The first units which were delivered were set 
to work in 1916 and 1917, namely one of 1,000 
--660 h.p. at 350—230 r.p.m. (428 r.p.m. syn- 
chronou.s), 500 volts thrcc-pha-sc 50 cycles, fora 
wire mill belonging to Kloslers A.-B., Stjcriwund, 
and one of 700 h.p. at 600-300 r.p.m. (750 r.p.m. 
synchronous), 600 volts, 50 cycles, also for a wire 
mill, belonging to The Homdals Iron Works A.-B. 

Tlw first-named unit displaced a steam engine 
which was direct coupled to the roughing mill 
and ran the finishing train through a tope drive. 
The electric set is direct coupled to the finish¬ 
ing mill and by meaas of the original rope 
transmission drives ilte roughing mill, which is 
provided with a 19-ton flywheel. The steam en¬ 
gine has been retained as. a stand-by. 

Fig, 28 shows the values of the efficiencies 
(mtained as determined on site. The production of 
the mill reaches IV 2 tons of finished wire per hour. 

The installation at Homdal consists of a wire 
rod mill with 8 sets of rolls, and a billet train 
driven from this by means of a belt. This in¬ 
stallation is of special interest on account of the 
.starling arrangements. Since the highest rolling 
I* 600 r.p.m. it was hardly pos.sible to 
dllow the mill to run at the .synchronous speed 
of 750 r.p.m., so that it was found necessary to 
use a method of .starting which differs from that 
generally adopted. The usual method is to nin 
L tttotor up to synchronism, after which 

the Adds of the auxiliary motor and rotary con¬ 
verter arc adjusted to suitable values correspond- 
w ^ictually required at the time. 

With the plant question It is necessary to 
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»((. 30. V«tblil< ipnd rolHnff mill motor, AwKniiMr oyttom, I,»0>'900 450-250 r.p.m.. «( Doilwlmi A.-ll. 

parallel the main motor and the speed rcmilatlng which at a predetermined maximum speed, trips 

machines before synchronism is reached. As a the main circuit breaker. Ihe method is some- 

protection against ovetspeed a centrifugal switch what troubJesome and would not be adopted un¬ 
is carried on the shaft end of the main motor, less, as In the present case, it was found to be 



fin, 31. V«ibW» »|i«*il raUina mill aiolor, Ateo-Kranuc syiltra, 000 k.j*., 430—230 ?.p.m. M l.«<lwNorm A.-!!. 
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absolutely necessary, espedally where a bJirh 
starting torque Is to be expected. The two L 

ft U ’ "‘a^ufactiired 

at about the same Hme, have been followed by 

a numl^ of somewhat similar sets. The rapid ad- 
mtem fe machines on this 

JKJ T»T *"r® *®r ***' they have 

obtained. It Is also of interest to mention that 

mllfe kf" ^ “if** well for rod 

mllb and finishing mUls and for a variety of 

qualiti^ of ste^, (special steels), A unit de- 

^ largest supplted 
aehial machine frame dses, 
St h.p. conttnuously 

? non^i£ r p.m. (150 r.p.m. synchronons) at 
5,<W0 volts three-phase, 50 cycles. 

Among the latest machines delivered can be 
l" 9 ftnf.« 5 vi ?”* * continuous output of 

’i**"r.p.in., 750Yoltsthree- 

Thf ?’ ?"■ ** Boxholius A.-B. 

The billet train in this case Is driven by a se- 

parare three-phase inductiot) motor o( 275 h.p. 


through a tope drive. The variable speed unit 
« direct coupled to the wire rod mill, and at 
the same time runs the intermediate train throueh 
a cope drive. ^ • 

Further to the above, two units have been 
suppJied to Larsb^Norns A.-B.,S^kmanshyttan, 

3 fo'^h.p. at 430-200 rj-m., 

3,0W volte throe-phase. 50 cycles, for a combined 
*’“1 *he other of 800 h.o. 
at 430 230 I’-p-ni., 3,000 volte three-phase, 50 
cycles, for a finishing mill. ’ 

The former unit drives on to a large rope 
wheel placed with the flywheel on the shaft of 
the rolling m 11, while the flbishing mill motor 

«>Us and drives 

the billet tealn through ropes. Both the auxiliary 

unite are compounded for a speed 

m1?m i+k^ ^ *"? PuH mpectively as a maxi- 
mum yrJth normal fiiU load. 

Fig. 32 shows the connection diagram fefthe 

complete installation. The various details etn- 

p oyeq In the appaiatus and instrument equipment 
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are in general Asea's usual standard for such 
installations, but the protective devices which 
practically obviate incorrect operation may be 
referred to. 

a. The main oil switch is provided with an 
interlocking relay which makes it impossible to 
close the mai« switch unless: 

1) the starter of the main motor is in the 
starting position, 2) the change-over switch be¬ 
tween the main motor and the rotary converter 
is in its position connecting the main motor with 
its starter, and 3) the shunt regulator for the 
auxiliary motor is in the starting position. 

b. The main oil switch is released as soon as 
the automatic overload circuit breaker between 
the rotary converter and the auxiliary motor is 
opened for any reason. The main switch cannot 
accordingly be closed unless this circuit breaker 
Is cIosecT 

c. The overload circuit breaker, which is fur¬ 
nished with no-volt release, emens either if the 
current is too great, or if the field circuit voltage 
sinks to an insufficient value. 

d. On the shaft end of the rotary converter 
is placed a centrifugal switch which opens the 
circuit breaker in the event of the speed increas¬ 
ing above a determined maximum. 

The machines are generally of standard open 
type, for erection in a special macliine room 
which is usually ventilated from a separate fan 
unit maintaining excess pressure within the room, 
so as to prevent the entrance of dust feom the 
rolling mill, while at the same time the machines 
themselves receive plenty of cooling air. The 
starters are constructed with strong cast iron grids 
mounted in frames coveted with sheet iron, and 
are provided with contacts immersed in oil. The 
switchgear and instruments are supported on 
strong angle iron frames which ace covered at the 
ffont and sides with black enamelled sheet steel. 

The]!^instcuments used on the primary AC side 
arefammeter, voltmeter, kWh meter, indicating 
wattmeter, and power factor meter, and on the 
secondary side, ammeter and woltmeter between 


the rotary converter and auxiliary motor, and 
ammeters for the shunt field circuits. 

In addition there- is a recording tachometer 
operated from a tachometer dynamo driven from 
the sliaft of the rolling mill motor, by which 
the speed can be accurately read at any instant; 
accordingly all necessary instruments are included 
for complete control of the machines. 

2. Reversing Motors. 

Here the Leonard-IIgner system practically has 
the monopoly for rolling mill work. 

Reversing roiling mills are in most cases built 
for heavy work on the two-high system, i,e. with 
two parallel rolls for rolling ingots, girder sec¬ 
tions, rails etc. of the largest dimensions. The 
materLd is rolled alternately in both directions, 
which makes it necessary to reverse the direction 
of ninning of the rolling mill motor between 
each p.iss. The work of the motor accordingly 
docs not only consist of actual tolling (changing 
the shape of the material), but also of very 
frequent starting and reversing. The running 
is tlius very intermittent and subjecte the 
machinery, to a great amount of wear and tear, 
from which it follows that a tolling mill of this 
kind built for heavy work requires an exceed¬ 
ingly lame power for driving it. No suitable 
electric drive for reversing rolling mills has 
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been found so far other than the Leonard* 
Ilgner system. On . account of the particularly 
simple and easily operated regulating and re¬ 
versing permitted by a motor working on the 
Ward'Leonatd principle, and on account of the 
smoothing out of the load which the Ilgner prin¬ 
ciple makes possible, the Leouacd-llgncr system 
can be regarded as an ideal solution of the 
problem and one of the finest achievements in 
the domain of electrotechnics. 

For a closer understanding of the different 
phases in the work a motor running on this 
system has to carry out on a reversing rolling 
mill, we refer the reader to fig. 34 which shows 
the speed of tolling, torque, and power during 
one pass. 

Looking first at the speed time diagram, the 
rolls team full weed according to the figure 
after a time t/ + v, which is accordingly the total 
time of acceleration. The time t/is the time taken 
to accelerate the rolls , up to the gripping speed, 
Le. the speed at which the billet engages with 
the rolls. As a suitable mean value of this it 
is usual to reckon with about one-third of the 
maximum speed. The time U* is the remaining 


time of acceleration for reaching the maximum 
speed M, and is the time of running at full 
speed. During a time L* + ft the billet being 
worked is actually In the rolls, and this time 
may be called the ’’effective” time ft. The time 
t 4 is the time of retardation or the time 
taken to bring the machinery to a standstill, 
while tj, Is the pause which follows before the 
start of the next pass. On the torque diagram, 
ts the sum of the friction torque and the 
necessary torque for accelerating up to the speed 
n/3, and the corresponding power on the power 
diagram is JSi. Alj is the sum of the friction 
torque and the necessary torque for acceleration 
up to speed n and for rolling during the time 
t». The corresponding values of power are 
and £(. The torque Afj Is the sum of the fric¬ 
tion torque and the necessarv torque for rolling 
at speed n corresponding to the power E^. Lastly 
Mi Is the retarding torque decreased by the fric¬ 
tion torque and the corresponding power En, 
under the assumption that the billet leaves the 
rolls at their full speed n. ^ 

The work, done by the electric motor during 
such a rolling period is accordingly the follow- 
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ing: during time the rolling mill motor and 
the rolling mill accelerate with no load from 
standstill to the speed n/3. During the time 
the motor and rolling mill accelerate while rolling 
is being performed from the speed n/3 to n, 
after which the motor during time U supplies 
the necessary torque for rolling at speed n plus 
the friction torque. In all the aiMve phases 
the Ilgncr generator supplies the necessary 
power with the help of the flywheel which is 
accordingly slowed down. 

During time the motor and rolling mill are 
retarded at no load from speed n to standstill. 
If the retardation is carried out sufficiently quickly 
U. If the time is sufficiently short, there is a 
recovery, corresponding to the amount by which 
the retailing torque exceeds the friction torque, 
by the llgner generator, which then runs as a 
motor driven by the rolling mill motor and 
speeds up the flywheel. The continually re* 
peated reversing of the rolling mill motor docs 
not occasion losses of any great consequence. 
During a reversing period, i.<. a speed variation 
from + II to — n r.p.m. the torque of the motor 
is certainly reversed In the same way, but as 
the speed passes the zero, i.e. chanses from + 
to —, the sign of the* power also changes since 
the power is the product of torque and speed. 
This means among other thin« that the rolling 
mill* motor runs as a generator between the spee^ 
+ It and 0, but as a motor between the speeds 
0 and — n. "With the llgner generator the above 


is reversed. During the flrst-namcd period this 
works as a motor and accelerates, the. flywheel, 
and during the latter period as a generator and. 
retards the flywheel. The energy of rotation of 
tite rolling mill motor is acco^ingiy first trans- 
ferred to the flywheel and afterwards returned 
.again. The power taken from the supply during 
Hre reversing period should be zero in accord* 
ance with the above if no |o.sses occurred in the 
machines or conductors connecting them. Practi¬ 
cally the amount of power , required is just suf¬ 
ficient to meet these losses, and this means quite 
a small demand. The importance of this will .be 
quite clear when it is considered that the number 
of reversals in most cases is considerable, often 
amounting to 15 or 20 per minute. 

For increasing the output of the mill it is 
usual to increase the speed successively as the 
length of the billet or bar being rolled increases 
from pass to pas.s, and this speed increase during 
the later passes is obtained by means of shunt 
.regulation of the rolling mill motor. Naturally 
the torque of the motor decreases, due to shunt 
regulation in proportion to the increase in speed 
obtained, but in general there is no cause to fear 
overloading, as the torque necessary for rolling 
decreases as the billet is rolled out to a longer 
length at greater speed. 

The high frequency of reversing which is 
common makes it essential to keep we flywheel 
effect of the rolling mill motor itself down to 
a minimum. As large powers arc in question of 
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8,000 to 10,000 b.p. and above, and relatively 
high rolling epeeds (greater than 100 r.p.m.), it 
is usiul to divide the motor into two or more 
direct coupled units, by which means the total 
flywheel effect is much smaller than if the whole 
output was obtained from a single machine. I^is 
division into two or more units also introduces 
an advantage on the electrical side, since it is 
possible by connecting the units in series to 
keep the voltage between the generator and 
motor relatively high, and in this way the cur¬ 
rent, and accorangly the dimensions of the con¬ 
ductors, are decreased, and commutation improv¬ 
ed. For this last reason the Ilgner generator also 
is generally divided into two or more units. 

' The large amount of power required by heavy 
reversing rolling, mills makes it essential to uti¬ 
lise as My as possible the energy stored in the 
flywheel. This is effected by a regulating device 


of some kind or other which works automati¬ 
cally as the load changes, varying the .speed of 
the Ilgner set and accordingly of the flywheel. 
If the motor driving the Ilgner generator is an 
induction motor, the most usual arrangement is 
a liquid resistance and induction regulating device 
(see flg. 33), but there is naturally nothing 
to prevent the utilisation of other means already 
described, embodying metallic resistances and so¬ 
lenoid operated relays and . switches, indeed ex¬ 
perience shows that this last method, in con¬ 
junction with the Ilgner system can be of ad¬ 
vantage in many cases. 

If me Ilgner generator is driven from a DC 
supply, i.e. by a DC motor, the energy in the 
flywheel can be utilised in the same manner by 
suitable compounding or some other automatic 
method of strengthening the field. For example, 
the field of. the motor can be divided into con- 
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stant and variable parls, the latter separately 
excited from a special generator, the field of 
which is altered automatically as the load current 
changes. 

In rolling mills of the type under considera¬ 
tion it is possible by effective use of the fly¬ 
wheel to keep the relation between the power 
taken from the supply and the power required 
by the rolling mill motor, or the relation be¬ 
tween the normal output of the Ilgner generator 
and the rolling mill motor at a ratio fi^re not 
less than 1:6. This relation is, however, entirely 
dependent on the rolling which is being carried 
out. The figure mentioned, can certainly only be 
obtained if rolling is done in exceedingly short 
passes, i.e. rolling short lengths. Accordingly, if 
the material is rolled in greater lengths (longer 
passes), the relation sinks rapidly and is usually 
round to be from 1:3 to 1:2. 

Fig. 35 shows the calculated torque and power 
diagram for a 1.000 mm reversing rolling mill 
for colling 4-ton ingots from 530 x 530 mm to 
.150 X 150 mm square In 15 passes and with an 


estimated capacity of from 90 to 100 tons per 
hour. On the assumption that about 60 seconds 
are lost between each rolling period, f.e. from 
the time when the completely rolled ingot leaves 
the last tolls until the next ingot reaches the 
cogging rolls, there is a time or approximately 
iVs minutes for tolling each ingot. During this 
last named time, accordingly, 15 starts and re¬ 
verses have to take place. The speed of the 
motor and the rolls respectively varies between 
45 and 90 r.p.m. of which from 60to90 r.p.m. 
is obtained by shunt regulation of the rolling 
mill motor. 

From the calculated diagram the rolling mill 
motor must be capable or giving a continuous 
output of 5,000 h.p. at ± 60 r.p.m. and must 
be able to deal with overloads op to about 
13,000 b.p., while the Ilgner generator must be 
able to give continuously 4,200 kW .md be 
driven by a 2,500 h.p. motor connected to the 
supply and to a flywheel having a rotational 
energy of about 6,700,000 kgm, corresponding to 
approximately 90,000 h.p. x seconds at 375 r.p.m. 
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The description which follows is from the pen of Profeswe A, Undstrom, and was published m Mr 
Swedish Journal In December 1917. At the present time il is of equal interest, and as mgards the 
HMatk of the electrical installation described, requires no alterations, as the plant has run without any 
since It was first set to work. The description may very suiUbly be included as a concliuion 
to the general tieiifment given above. It is Inevitable of course that certain rcpctlfions occur, but we 
do not consider that this is a serious disadvantage. 
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ELECTRIC ROLLING MILL AT DOMNARVET. 

1. DESCRIPTION OF THE PLANT. 


The Rolling Mill. Th« Stora Kopparbergs 
Bergslag installed a steam driven reversing roll¬ 
ing mill at Domnarvet in 1907, and have since 
put down a ■ further plant of the same kind. 
One of the steam engines drives a universal 
mill and a breaking mill; the other engine drives 
a rail mill and a girder rolling mill. On account 
of the great advantages which were shown to 
be possible by driving such rolling mills elec¬ 
trically and which have been demonstrated by 

a numberof plants _ __ 

put down in vari- ■ — ' ' 

ous countries, it 

was decided in _ ST I | | f“ 

1913; as cheap H J| 

electric power C 

was available ^ | u _jl 

from the ^V***®* 

electric station "YjWf I 

owned by the 5R JL, [ I V 

company, to instal | “rirr C 

a further rolling AM 

mill, to be elec¬ 
trically driven. 

The whole of the 
electcic.-il machi¬ 
nery and apparat¬ 
us required were 
delivered by All- 
minna Svenska 
ElektrLska Aktle- 

bolaget of Veste- i 

ras. 

It was further 
decided to move 

the universal mill y 

togetlier with its | j 

steam engine to •- 

a different part of '• cwiowSwi * 

the works, and to 

arrange for driving the steel mill alone electri¬ 
cally. Later, after removing the shaft of the 
second steam engine, it has been made possible 
by using a special shaft extension running in 
the crank-shaft bc.irings of the engine to couple 
up the bar mill to the electric motor and drive 
it through the steel mill. These mills, which arc 
both 750 mm mills, work in general in succession 
and very seldom at the same time. Electric rolling 
has now been in operation for over Gve years. 

The Electrical Equipment. The electric drive 
is tirranged on the Leonard-IIgner system, which 
had been proved to be particularly suitable for 
this class of work,and the main points of which 
will be Erst described. 


H|g. 1. SimplifkO councction ilbgram of Leoianl*iIf|ii<r tysicm* 


An ordinary (induction) three-phase motor 
(Rg. I) is direct coupled to a DC generator 
which delivers current to a DC motor direct 
coupled to the rolling mill. For certain reasons 
both the generator and motor are constructed as 
double machines. The Reid current for motor 
and generator is obtained from a separate supp¬ 
ly. The field current of the generator and, dur¬ 
ing the time its speed is pnietically constant, 
its voltage also, can be varied within wide limits 

___by a regulator 

- ■ (ROG in fig. 1), 

namely between 
■ a positive and nc- 

j 1*1 gative m.iximnm 

19 0119 value. As long as 

y I . n . the field current 

' „ i SAi motor is 

T y kept constant, its 

I ' ! ill ” * ^ speed and direc- 

[M tion of rotation 

I 11 R OQj—~ is changed pre- 

I ^ L_IjOvI 

' -polarity 

of the generator is 
altered, i.e. prac¬ 
tically speaking, 
,18 the generator 
Rjjl field current is al- 

11 tcred. It accord- 

. I_ Il f" htfiW follows that 

'vtld' the rolling mill 

Arh driven in 

r . 8 TW^rLctrir |3 cither direction at 
/li " W anydcsircdspccd, 

I I I P ^ simply by regu- 

U ' H i ‘ biting the current 

— I in the field circuit 

■iiisun «f Lcotura-iiRiMr tytkm. o( (Ijq generator. 

For obtaining hig¬ 
her .speeds the motor itself is provided with a 

rheostat in its field circuit (RM). 

The above system of rolling mill drive, the 
so-called Ward-Lconard system, is not in general 
suitable by iiselh the large variations in the 

load on the motor due to the rolling ,ind to the 

reversing (in this case between 0 and 10,000 h.p.) 
are transmitted through the generator and the 
three-phase itlotor, practically undiminished, to 
the supply and the generating station. 

To diminish these peak loads the motor ge¬ 
nerator set is provided with, a heavy flywheel 
(1) ~ known its - the Ilgner wheel, and* the 
Ward-Leonard system thereby becomes the Le¬ 
onard-IIgner system. The functibn of the fly- 
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Fl|t. 2. Kollian mill rootot. 


wheel is exceedingly important and quite easy to 
understand: when the toiling mill motor « 
giving a large output the generator is cWetly 
driven by the flywheeh and for this reason roe 
three-phase motor is designed to give a suitable 
speed drop (10-15 At the end of the rol- 
ling period the three-phase motor again acce- 
letates the flywheel to full speed. Th e effect of 
the widely varying power demand 
of the rolling is accordingly al- ^ 
ternatively to Increase and de- 
crease the speed of the motor 
generator set and flywheel, while 
the three-phase motor takes a sme 
practically constant amount of jggg 
power from the supply, corres- ^ 
ponding to the mean power 
taken by the rolling mill — na- 
turally increased by the losses 4000 
in the system. By this wonder*'^ 

My simple principle It is pos¬ 
sible to alter the speed and dl- ^ 
section of running of the beatjy tooo 
motor quite easily, and the po¬ 
werful shocks* are taken up in ^ Mwhmno 
the system jitscif, «►”**** 


In its practical details the system Is naturally 
not quite so simple as the above, and this also 
applies to the description which follows. 

m RoUing Mill Motor, The rolling motor 
(fig. 2) is as we have said, a double machine, 
and consists of two similar mechanically and 
electrically connected motors. The speed can be 
varied between + 60 and — 60 r.p.ro. by va- 
■ 1111 tying the field current of the 

generator, and also from between 
60 and 150 r.p.m. in either di¬ 
rection, by regulating tlie field 
current of the motor itself. 

Maximum Output. The horse 
power which the motor can de¬ 
velop at different speeds Is given 
by the curves in fig. 3. The 
maximum torque goes up to 
110 ton/metres and the maximum 
output to 9,200li.p. (6,800 kVA). 
It is clear that such a rootoi 
must have a considerable fly¬ 
wheel effect, and that rapid revers¬ 
ing must necessarily require a 
Ho considerable torque to effect. 

, torqjj^d Mipiii o# Reversing. The motor must be 
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reversed sufficiently quickly not to interrupt the 
rolling, and in this respect a condition for the 
acMptance of the macltine was that it should be 
possible to reverse at no load and 60 r.p.ni. 
24 times in one minute. Actually the flywheel 
c£EmI of the motor GD* — 190,000 kgm^ corres¬ 
ponding at 60 r.p.m. to a rotational energy 
Vs ”* 95,000 kgm. The magnitude of the 
torque (and current) which is required for the 
specified number of 24 reversals in one minute 
can be calculated thus: 

If the diameter of the motor armature is D 
metres, and its peripheral speed y m/sec., 

the mass referred to the periphery m, 

the speed n r.p.m., 

then the necessary power at the periphery for 
an alteration in speed is given by: 

/- m kg, but, as V - « P ^ 

»' D dn 

“ n» 'go 


and accordingly the torque 
^ 2 2-60 *9,61 


GO* • mkg 


0.o«M7 GO* 


Thus, when the speed is to be changed from 
+ 60 to -60 r.p.m. (that is to say by 120 
r.p.m.) 24 times in 60 seconds, we have 


djt 2-60-24 
rft “ 60 


48 t. p. sec. 


and accordingly the required torque is 
M - 0.o<tts; - 190,000 « 48 » 24,300 mkg 

— 24.» mf. 


As the motor can develop a torque of 110 mt 
it is easily seen that the specified reversing speed 
can be given without any difficulty. It should 
in fact be possible to give not less than 

• 24 “ 109 complete reversals per minute. 

The above is naturally on the assumption 
that the reversing' is perfectly smooth, and aUo 
that the operating gear for altering the field of 
the generator can be moved al rapidly. The 
magnetic field of the generator however also 
exhibits an effect corrc.sponding to inertia, elec¬ 
tro-kinetic energy (Vt L t*, where / is the cur¬ 
rent .strength in the field windings and L is the 
.self-induction of the fields), which must undergo 
the same reversal as the motor (Vt mv*). Or, 
while the rotational energy mr* of the motor 
is being altered from V» »w (+v)* to Vg m (• -v)^ 
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the energy of the generator ma^etic system 
L0 is being altered from Va I- (+ 0^*® Va ^ 

This change can no more be effected in an 
excessively short time than the former, and In 
this latter case the necessary electromotive power 
is in the same proportion to the rapidity of 
the change as the mechanical power (the torque) 
in the former case. In fact It is actually the 
lacking mk which in this case prevents such 
rapid reversing as the motor could otherwise 
withstand. On actual test it was found possible 
to effect 24 complete reversals in 46 seconds, 
which corresponds to a (constant) torque of 

“ • 24.# =» 31.7 mt. This torque further corres- 
46 

ponds to a horse power at 60 r.p.m. of 


31,700 • 271. • 60 
75-60 


•“ 2,660 h.p. 


As the normal output of the motor at 60 r,p.m. 
is 3,600 h.p. it is clear that the horse power 
corresponding to this speed of reversal is very 
far from overloading me motor. At the same 
time, under practical working conditions it has 
never been necessary to make use of such a 
high reversing speed. Assuming, however, that 
the motor is reversed 24 times in one minute, 
and that accordingly the torque of 24.# mt is 


required, corresponding to an output at 60 r.p.m. 
of 2,040 h.p. or a mean value (since the speed 

is assumed to alter uniformly ^ being constant) 

of 1,020 h.p. For each reversal the motor ac¬ 
cordingly develops 

^-1,020 -^-2,550 h.p. secs. 

It might now be thought that these continual 
reversals to which the motor must be subjected 
require a corresponding power, namely not less 
than approximately 1,000 h.p., without any 
corresponding (useful) expenditure of power on 
rolling, or that electric drive of a rolling mill, 
on account of the great flywheel effect of the 
motor, must of necessity give rise to a corres¬ 
pondingly lower efficiency (than for example a 
steam engine drive). Such an assumption is, 
however, very far from being correct for the 
following reason. The torque of the motor is 
directed in the same direction during the whole 
of the reversal from + 60 to — 60 r.p.m., but 
since the power is the product of the tdrque 
and speed it follows that the power changes its 
sign as the speed passes through the zero, or 
in fact that the motor runs as a generator bet¬ 
ween -f 60 and 0, and as a motor between 0 











and - 60 With th« gcaerator these con¬ 

ditions are naturally reversed. During the former 
half of the time the generator runs as a motor 
and accelerates the flywheel, while during the 
latter half it again runs as a generator and 
retards the flywheel. The rotational energy of 
the motor itself is first transferred to the fly¬ 
wheel, and is afterwards returned again to the 
motor. If there were no losses In the generator, 
the motor, and the connections between them, 
the sum total of the necessarv external energy 
for the actual reversing would be equal to 0. 
What is actually required is just that amount 
which corresponds to the losses referred to. 

Motor Geuersitot and Ffywheet. The generator 
is, like the motor, a double machine (n^ 4—5), 
and has to supply under all conditions the 
whole of the electric power required by the 
main motor. This docs not only mean dealing 
with the current corresponding to full torque 
on the motor, but also the ability to supply 
this maximum current even when the strength 
of the field is weak, or reduced practically to 
nothing. The current strength which with full 
field on the motor gives a turning moment of 
110 Jilt is not less than 6,500 amps. On the 
other hand the generator with full field gives 
1,200 volts (600 on each hall). The generator 
accordingly must be able to give as a maximum 




7. Flywheel. 

«7,800 kW. It follows that the 

generator as well as the motor must be provided 
with the most modern arrangements as reprds 
commutating poles and compensating windings, 
without which it would be quite impossible to 
adapt an electric motor to such a drive. Fig. 6 
clearly shows the arrangements provided. 

T/ic Three-phase Motor, The three-phase motor 
is of usual design, 16 pole, and is supplied at 
6.800 volts and 60 cycles, the synchronous speed 
being accordingly 450 r.p.m. The normal output 
is 2,500 h.p. (1,850 and the maximum 
output Is from 50—75^ greater. It Is quite 
clear that only a small part of the mechanical 
power which the generator requires can be given 
by this motor; in fact the flywheel must assist 
continually during running. 

The Flywheel. The construction of the flywheel 
and the method of supporting it is In accordance 
with figs 4 and 7. The outer diameter is 4.sn 
m and the peripheral speed accordingly at 450 
r.p.m. not le^ than approximately lOO m/sec. 

It Is cast in Swedish steel in one piece and 
weiglis 48 tons. On both sides stub axles arc 
screwed by means of flanges of large diameter, 
and . on the two axles the armatures of the ge¬ 
nerator are. keyed one on each side (fig. 8). 
The flywheel with the two armatures is supported 
by two bearings,'which'arc supplied with forced 
lubrication and water cooled. The flywheel is 
enclosed-in a sheet steel casing to reduce the 
windage losses.- " 

The total rotational energy of the motor ge¬ 
nerator set, of which the greater part is contain- 


Fife 6. * Amngmcnt of field win«lfO0i. 




cd In the flywheel, represents at 440 r.p.m. 
18,800,000 Kgm, corresponding to 250,000 
b,p,/sec. or 51 kWh. To illiustrate what this 
means it may be mentioned that with a speed 



- - 220 secs. => 3.» minutes, which 

2,270 

accordingly is the shortest time in which the 
set can be started without overloading the 
motor. 

Remhtion of Output. In order that the fly* 
wheel may perform its function as a buffer for 
the large variations in power required by the 
mill, and enable a uniform amount of power 
to be taken frotn the supply, the speed of the 
three-phase motor must be varhible and elastic. 
Tbis characteristic is obtained by having an 
automatically variable resistance in the rotor 
circuit of the motor. The resistance itself, which 
is shown in figs. 9 and 10, is a li<^uid resi¬ 
stance. It consists* of a large container flUed with 
a solution of soda in which movable plates (elec- 
trodc.s) dip, and which are connected to the 
sliprings of the motor. The deeper these plates 


Fi|;. B. Anttalurc 

• 

drop of e.g. 15 ^ (to 375 r.p.m.) the set gives 
up due to the fall in speed only 
(1—0.8»^ • 250,000 « 69,000 h.p. secs, repre¬ 
senting 6,900 h.p. for 10 seconds, supposing 
the speed reduction to be effected in this time. 

On the other hand the three-phase motor 
requires an appreciable time to raise the speed 
again to 440 r.p,m. If for example the motor 
develops Its foil output 2,500 h.p. and if 230 h.p. 
arc used up (the value actually obtained) in 
foction losses, then, assuming that the generator 
is unloaded and unexcited, the time required Is 


69,000 

2,270 


= 30.4 secs. 



For starting from standstill, assuming that the 
three-phase motor develops its full torque cor¬ 
responding to 2,500 h.p. at foil speed, the 
time required is no less than 



10* Swltchbcttwl, wttffec wnl^ liqiikl T<stti«K«. 


Flu. 9* Starter ami M|l»btiitff r«ab1aiieel 

are Immersed in the solution the lower becomes 
the resistance and vice versa. The position of the 
plates is controlled by an induction 
regulator which in its turn is ex¬ 
cited proportionally to the power 
taken from the network. The prin¬ 
ciple of this regulation is shown 
best in fig. 1. 

In this manner the arrangement 
exerts itself to maintain the de¬ 
mand on the network at a constant 
value in Spite of the heavy and 
sudden load variations caused by 
the rolling. 

• Control .Apparatus. The control 
of the rolling mill motor is ideal 
in its simplicity. Certainly the 
details of the arrangement are not 
altogether so simple as shown in 
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tbe diagnm (fig. I), but 
the work which the dri¬ 
ver has to perform Is not 
itself more complicated 
than can be gathered from 
this drawing. The control 
handle does hot regulate 
the field current of the DC 
machine direct, but gene¬ 
rator and motor each 
have their own exciters 
which are themselves se¬ 
parately excited, and the regulation is carried 
out in the field circuits of these. In order to 
obtain the least possible time constant (dead po¬ 
int) in the control, non-inductive resistances are 
used in the field circuits of both the main 
ntachines and exciters. By the help' of these 
details and the refinements in the 
construction of the machines them¬ 
selves, it has been made possible 
to obtain the reversing frequency 
which has been previously re¬ 
ferred to. 

The general appearance of the 
control apparatus is shown in 
figures 11a, b and c, the last 
shows also the instrument pillar 
supporting instruments for rea¬ 
ding: 

The voltage, current aud speed 
of the rolling motor, ^ 

The speecT of the motor .geh'e- ' 
rator set, < 

The output of the three-phue.^i 
motor. 


. It might seem that 
It would be very exact¬ 
ing to control the roll¬ 
ing mill while reading 
so many instruments, 
particularly as they arc 
all very sensitive to 
the smallest movement 
of the control handle, 
aitd do not move to the 
same extent or even in 
the same direction. 

What may seen complicated in theory, however, 
is in this case quite simple In practice, and 
actually the driver does not take particular note 
of the instrumenis except to observe that eve¬ 
rything is jis it should be. If anything should 
occur (for" example overload, or a fault in 
any of the machines) the matter 
is dealt with entirely automatically, 
the whole of the machinery era* 
dually coming to a standstill, it 
being only possible to start it 
again after the fault has been 
cleared. 

As long however as everything 
is in its customary order the mo¬ 
tor and the rolling mill are under 
perfect control of the driver, and 
it is quite astonishing with what 
ease and precision he is able to 
start, accelerate and stop the mo¬ 
tor, and adjust its speed to suit 
the dimensions of the Ingot being, 
handled during different phases 
of the rolling. 




Pfg. Jlc* Control aiipanCiis and 
liulrumenCs. 



II. TESl-S MADK ON THE INSTAILATION. 


Inspection Tests. On setting the Installation 
to work and before erection, the usual tests 
for'electrical machines and app.iralus were carried 
out. The results of these tests have already been 
to some extent referred toj we need only mention 
here the overspeed test on the motor generator 
unit and flywheel, and determination of the 
excitation of the various machines, checking of 
efficiencies etc. The flywheel was guaranteed 
to withstand an overspeed of 25 above 450 
r.p.in. i.e. 560 r.p.in. On test the speed was 
successively increased, while precision measure¬ 
ments were made of the dimensions of the wheel 
in different directions to determine if any per¬ 
manent deformation took place. Nothing of 
this sort was discovered up to the ma ximum 
speed. 

As regards the efficiency of the machines, 
this was arrived at by taking measurements of 


the separate losses in .iccordance with table I 
below. 

Running Tests. The installation ran in a perfectly 
satisfactory manner from the lime it was started 
up, but in order to obtain more definite infor¬ 
mation regarding the work which the machines 
and apparatus were called upon to perform in 
practice than the ordinary instruments. were 
able to supply, an opportunity was taken during 
the autumn following handing over to make 
special electrical measurements while rolling was 
in progress. Accordingly a reading was taken 
of the three-phase power supplied every five 
seconds, while at the same time the speed of 
all machines was determined by a recording 
tachograph. For the rolling mill motor speed a 
further tachograph was used, while the vokage 
and. current supplied by the DC generators 
was registered by an oscillograph. 









• I 


i« «« tt ft* ft* 


TcM No. I. 


Such tests were carried out on seven special 
rolling periods. The working of the rolling mill 
itself during these seven tests is shown in Table 
II herewith.. 

For the electrical conditions only two tests 
were taken namely test 
No. 1 and test No. 

Vn, of which the first 
covers rolling with the 
girder rolling mill alo* 
ne, and the latter rob 
ling with the ingot 
mill alone. In. ngs 
12—15 arc shown cur¬ 
ves for (1) the primary 
three-phase power, (2) 
the speed of the fly¬ 
wheel, (3) the speed of 
. the rolling mill motor, 
and (4) oscillograms of 
the DC vol^m and 
current for bom these 
characteristic rolling 
. conditions. Comparing 
figs 12 and 13, a great 
similarity will be no¬ 
ticed except that one 
appears to be approxi¬ 
mately an upside down 
view of the other. If 
fig. 12 had 
been made 
by a recor¬ 
ding instru¬ 
ment in ste¬ 
ad. of being 
constructed 
from a num¬ 
ber of 
parate 
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Fig. 13 Spcfd of llywHcel. ttfil No* I* 


SC- 
readings, 


stance was constant, and accordingly the slip 
WAS nearly proportional to the load, and in a 
corresponding degree the curves are copies of 
one another, 

As regards the recorded curves and oscillo¬ 
grams a similar likeness 
can be establislied bet¬ 
ween the voltage curve 
(marked v on the oscil¬ 
lograms) and the speed 
of the motor (fig. 14), 
if one takes note of 
the difference in the 
time scale in the two 
cases. This is what 
would be expected to 
the degree which the 
speed of the motor is 
varied by altering the 
voltage of the genera¬ 
tor only (and not by 
field regulation of the 
motor itself). It further 
leads one to note that 
the strength of the 
current (marked a In 
the oscillogram) to a 
c,ertain extent depends 
on the slope of (tan¬ 
gent to) the speed curve 
* of the fly¬ 

wheel; it 
should espe¬ 
cially be ob¬ 
served how 
the heavy 
negative 
current pe¬ 
aks during 


Pw»ir taken boa iie(«Mrk br ibrctiibMt motor. 
Tort N*. VII. 


77nt* 



the 


^_ ___ similarity 

greater. This similarity is explained by the fact 
that the regulating resistance of the three-phase 
motor was adjusted so as to commence regu¬ 
lation with a load of approximately 2000 kw. 
Up to this power requirement the rotor resl- 

TMe /. 


Fig. 13b, Sp«eU of IlyvfkotL Tot No. VII* 

would be still reversal of the motor make themselves visible 



I.omI 

Outimt 

KlBdency 

% 

IN)vmx 

Factor 

Thrcc-pliasc 
jnotor of 
motor gene¬ 
rator set 

Vi 

2400 h.p. 

94.7 

0.88 

Vi 

1,250 h.p. 

94.0 

0.87 

DC generator 

'/. 

2,880 kW 

92.6 


Rolling MIH 
motor 

Vi 

3,600 h.p. 

92.4 



by a considerable rise in the flywheel speed 
curves. In this connection it may be mentioned 
that the current curve shows that the driver has 
carried out reversing unnecessarily quickly, with 
the result that the current taken on reverse is 
high and reversing completed as a rule long 
before it need have been. With a less hurried 
reversal the stresses and losses would be less 
than those which are shown here to be actually 
die case, 

Qumtifatiye Results of the Readings. In order 
to arrive at the main factors which determine 
the power requirements durlnjp[ tolling of this 
kind, we have made a number of calculations and 
deductions from the readings obtained. 

V7e have integrated the curves in figure 12, 
i.e. determined the gross power output for 
each tolling period reckoned at the supply to 
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Table II 


Test 

No. 

TJitt* offtarling 
first p4tt 

No* of sets, 
to -comple* 
tioii of fiiul 
pMU 

R i 1 1 e t' 

Dimentioiis 

Before RoUinfi After Rollinit 


No. 

Rosses 

1 

|l>3« 

136 

2x2x56 dro 

430 dm U-b«lk 260 

- 1 

c:fi 1630 kn 

11 

II 

ih 9n 

— 

2X2X56 dm 

. 

- 1 



HI 

]b 22n 30> 

196 


1X1X 3^ dm 

c:a 2700 kg | 

ca 2600 kg 

23 

IV 

II. 31« i 

127 

2X2X56 dm 

430 dm U-balk 260 

1 

c;a 1630 kg 

It 

V 

lb 33» 30. ' 

’ 144 

• 4jX 5. 5X 15 dm 

2X2X88 dm 

c:.i 2700 inK 1 



VI 1 

7h23«» 

190 

4.5X5, 5X15 dm 

i 1x1x340 dm 

i c:.i 2700 kg | 


22 

vri i 

7h 30m 

221 

4.5X5, 5X15 dm 

1X1X340 dm 

1 ca 2700 kg i 


22 

vni 1 

7k 35m 

150 

4.5X5, 5x15 dm 

laXl. 45X33 i 

c:a 2700 kg | 

— 

19 



the three-phase motor. With this we liave also in¬ 
cluded the energy which the motor required to 
bring the flywheel back to its normal speed 
.after the last pass of the rolling period. This 
energy expressed in kWsecs. is given in the 
flist column of table III. 

From the oscillograms * in 
fig. 15 we have obtained the 
power by multiplication of the 
voltage (v) and the current 
(a); the curve thus obtained 
' has further been integrated, 
and in this way the energy 
obtained which was supp¬ 
lied to the rolling mill 
motor. How the power 
alters during the pass, i 
{reversing and standing ? 
periods is in accordance 
with fig. 16, in which we 
have assumed a some¬ 
what idealised form for 
the voltage, and current curves. 

The valiles are given in column 2 of table III. 
The difference between the values In the first 
and second columns depends on the losses in 
the motor generator set and flywheel, and are 
a«ordingly dependent among other things upon 
the relative length of pass and pause. In test 


taken and supplied by the motor generator unit 
during test VII in comparuon with test I. 
Another consideration which may have some 
effect is of course the difficult;^ of accurately 
reading the voltage and current on the oscillo¬ 
grams, where the scale is so 
small and the "lines" so thick. 
The relation between the two 
values is given In column 3 
of the same table, and has 
there been called the "cffici- 


l*>g. 14 d. Speed of rolUnn'iiotor., Teit No. J 



FIk. 14 b. Speed of roUhtu Motor. Tetl No. VII, 


**“■ ency" of the motor generator 
set. This must be a little 
wanting in true .signifi¬ 
cance and must be used 
with cave, so that it does 
not give rise to any mis¬ 
understanding, attention 
being paid to the want 
Mc«of iiccuracy in the values 
which has been pointed 
out. 

We hjivc lastly compared the values found with 
other values which are accc.s.sible, and with data 
calculated for the nett energy required for the 
rolling itself. 

J. Puppe has, in his classical treatise on power 
requirements in rolling, fixed a coefficient, k, 
\/ri au 1 —r"'—— —' --■*»* which is the relation between the altered vo- 

bmc of pass came out at ap* lumc during the pass *nd the necessary 

proximately 29 ^ of the total time, and in work for this (J? kgm) 
test I approximately 38 To some extent this . j, i l ^ 

explains the Lntge difference between the energy Accordingly k «• 

. . ’tP 


Table III 


Test No. 

kWMC. to 

Tb{«..|*.lM.»Uitor 1 Itolliiu, Motor 

“KHkiMKy’‘o(Molor 
Cmn.lor .Sot. 

bWsea. 

for Tollfng ^ \ 


I 


era Oj 

(<i.^lJ8) : 126.400 


vir 

269,000 151,200 

cm Oi 1 (» =.0.4) : 125,500 

ca 0.5 

































































Fig. -15 ». U 



Fig. 1$ *. X '* *• 

Voltngt and mttnt M ike rolling molar. Te« No, I. 



Fig. 15 b. 1. 



Fig. 15 b. Z 



ng. 15 b. 3. 



Fig. 15 b. k . WH- k- *• 

b^dUge and enmni al ike lolUng molor. Yeti. No. VIU 


von* 
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Table IV, 


Test 

Gross kWh 
per ton nett 

Average rolling 
time per billet, 
seconds 

Pause, 

seconds 

Gross rolling 
time, seconds 

No. of billets 
per hour 

Nett tons rolled 
per hour 

Gross kWh 
per hour 

I 

38 

132 

60 

192 

18.7 

30.5 

1,160 

VII 

29 

202 

60 

262 

13.8 

36 

1,040 


Following from this coefficient and other values 
he gives as a result of determinations from 
tests on several reversing rolling mills, we have 
found another coefficient, x, which gives an 
expression for the necessary torque during 
rolling a function of the cross section of the 
billet and the percentage increase in length. 
Regarding this matter it would take up too 
much room to go through all the calculations 
and data by which the expression in question was 
arrived at; it is enough here to give the formula; 
M — K ^ a * d 

M is the necessary torque for rolling in mf, 
a is the cross sectional area of the billet 
t after pass in dm^ 

^ d is the percentage elongation during the 
pass 

X is a coefficient. 

As regards x, we have found that this has the fol¬ 
lowing simple relation to the constant k referred 
to above, namely k-x = 40, from which it follows 
that X depends upon the temperature of the 
billet in the same manner (although inversely) as k. 

From the reduction program a and d for 
each pass are known, and accordingly — if (the 
temperature and) x is known — the torque M can 
be found. If, further, we let n denote the mean 
value of the r.p.m. of the rolling mill motor 
during the pass, and f the time (in seconds) 
which the pass occupies, the work done in 
rolling during a pass is given by 
■ 2 TV 

^ * 9.81 ‘ X • a ‘ d • n ‘ t 

60 

= 1.03 ‘ X • a • d • n • f kWsecs. 

For ingot rolling (test VII) where chiefly only 
so-called ’’direct” pressure occurs, and where 
the temperature of the billet should be some¬ 
where about 1,200^ C we have taken x = 0.4 
and found 

:^A = 125,500 kWsecs. 

For girder rolling (test I) where the temperature 
is lower, and where ’’indirect” pressure takes 
place we have, chiefly by the help of Puppe’s 
figures, assumed x = 1.38 and found 
2A = 126,400 kWsecs. 

These values are given in the fourth column of table 
III, and lastly from these a total ’’efficiency’, has 
been calculated and included in the fifth column. 


It is of course not claimed that these figures 
are quite accurate or applicable in all cases, 
but at the same time it can be stated that the 
value which from various points of view has 
been given to the coefficient x is not very far 
from correct, and also that the whole arrange¬ 
ment has approximately the total ’’efficiency” 
which had been anticipated. 



Lastly we have calculated the production of the 
rolling mill on the assumption that the rolling 
is carried out as it was in the two cases, I and 
VII, rolling each time only taking place in the 
one mill. A pause of one minute has also been 
assumed between rolling periods, which time 
has been found ample for the flywheel to acce¬ 
lerate to its maximum speed with this kind of 
rolling. The results are given in table IV and 
should be clear without further explanation: 

The last column gives the average power 
taken from the supply by the three-phase motor. 

It may be remarked in conclusion that these 
figures do not claim to show how the rolling 
will come out as regards production under all 
conditions, but only demonstrate the behaviour 
in this respect with the kind of rolling which 
was undertaken during this investigation, with 
the assumptions which we have made, and with 
certain reservations regarding accuracy. ^ 
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CURRENT ILLUSTRATIONS. 


Interior from the exhibition of modern electrical machinery and apparatus in Asea’s head office at Vesteras. 


Interior from Asea's museum, in which are preserved speciin|;ns 


of the older machine types etc. 












Asm** bM(l office sikl wocks in Ve«teMS> Sweden. 

ALLMANNA SVENSKA SWEDISH GENERAL 
ELEKTRISKA A.B. ELECTRICLI5 

Head office: VESTERAS, SWEDEN 5. CHANCERY LANE, LQNDON 

Work*: Vesleras and Ludvika »»|*f Works: FulbourneRd..Waltlwmstow 
c egrains. Asca, Vcstcras fSXfSm m T<^Jcgrams:Auto8yncro,Fleet*Lomlon 


ARCeKTINA 

ComiMfiiA SucUmericaaa SKA 
Bneoot Aicct. Victorli 502. 

AUSl*RALfA 

UabckMui a Johnstone. Md., 
l^h. W. A. 

385/307 Mutcay Stmt. 
UnbdMna & Iphnstonc* f«td.. 
Adtlflide. 98/JOD Gntrie Stmt. 

aOI/203 Wllltom Stmt. 
Auitrolectric, Lid., 
Sydney, 97 Oaratice Street. 
Inlemlonlal KorinffCo, Led., 
HrisKaoe, 418/42r!Ln Stmt. 

BCLOJUM 

SodM d*Eledtkli;i Am. 
Biuselks, 21 Kii4 Gi4try. 

BOLIVIA 

Graliam, Rom & Co,, Oruro, 
Alijum 58J. 

BRAZIL 
Hanpt A Co,, 

Rio ^ J^iro, Rua S8o Pedro 50 
Silo Pmilo, Riw da Boa VUIa 4$. 
Pbrio Aleitre, Kua 15 de 
Nowanbto lA 

CANADA 

Swedish General Electric Ltd., 
Tocosito 2, Ont., 107 Duke SliWt, 

GMILR 

vfeasi.'fe, 

^114*0, Ban^.]«7>-375. 
■AatoraiiiMa, San-MSiHh Ml. 


FOREIGN REPRESENTATIVES; 

CHINA 

Henry J. Moysey. Shanghai, 

Peklna Road OK 

Whitlall A ^aipany Ltd, Ticnlsln. 

15 Victoria Terrace. 

CUBA 

Cmpaftia SKP de Cuha. 

Hahana. O'Reilly; No. 21. ‘ ^ 

DENMARK . 

FJeklrkilels Akiieselikahel Asea, 

Copenhageii K. Bredgade «. 

ESTHONIA 

l^ktrole|^, BBro tinke S Martinson, 

Roval, KInRa On 10. 

FINLAND 

Allnilnna Elektrlska Aktiebolaffel 
I Finland, 

Hebhtgfors, Olyiiassagen. 

FRANCE 

Soc^i FraiKaiae d'Electrkito Asea, 

PaHi, Boul^atd Hanssmann 114, 

GREECE 

Alexander Slavridto, AdMns. 

Bonlevard d4 L'Univtriiti, 43* 

HOLLAND 

Groetievcfd, van dec PbO a Co., 

Anstetdam, Oe RuQterkaOe 41, 42, 

INDIA 

4 Si 

Consoli^ted Mills Susies Ltd., 


^ougall Road, BMLod Eiiat^ 


JAPAN 

Gatlellus a Cu,, 

Tokyo. Turalufkwan, Yurakucho. 
Kobe, 58 II, Nanlwa machl. 
Dairen, 45, Yn>kii, Satsnmacho. 

MEXICO 

Owiiaftfa SKP Goiro y Caribe, .S. A„ 
Mexico, D. K, Av. 5 de Mayo No. 1. 

NEW ZKAUND 

A..5.Paier8on a Co. Lid., WelHnfitmt, 
12 Cuba Street, 

NORWAY 

A/S Kure, Norsk Motor* oo 
_ . DynamoCahrik, 

Oslo, Unlversliet^te 24. 

PERU. 

Graham, 1^ a C6.. Lima. 
ViUalta 282. 

lOIAND 

Towanyxim Elehtrycaoe Asea 
. Warszawa. 

Kopemika UL 15. 

PORTUGAL 

Jayme dk Onta Lilda, IJshoo, 

16 Rna dos Correelros 26. 

RUSSIA 
. Acea, 

Leningradi UUm GogoIJa % 

SOUTH-APRICA 
R«» 5 fN a l^t. lobannesburi. 
Coiisolidaled lluildlnRS. 

SPAIN 

Sockdad EspaAola de Kleclrlddad 
Asea, 

Madrid, Calle Monlalbio 13. 


BIBBtollllMimBIHIIMliHlilMIfilllliUllUllliiUiauUIIIINiniRnitoitomiMHHiMffiWiMeiMffiiffiiMiM.... ' * 

VciiMM t925rVntiunbMl. AlkkMd. Prialia, Co. 




ALLmXnNA 8VEN8KA 
' BLEKTRI8KA A.B. 
vksTKRAS — BWicDKN 


8WEDI8H GENERAL 
ELECTRIC LTD 

6.CHANOKRY LANB-kONOON 


VOL. II 
1925 


All oortMpondGncG 88 •ddf8888d lo ih8 Kdllor* Fiibllcliy 08pl* 

* ASM* V88«8«88t MEdGn.: 

l••rmla8lon la gIvM i© raprtnl GrtlelGS or oHUaeto from ihia |oumai. 
on oonditlon thot ttio nomo — A 808 *Jo*ifnal — la eloarly atatad« 






maHKMHn 

I m , > 5 r^R ■ ©— 3 ■" I 

iKilKIJIS 






















1. Sfationai 
The section of the 
holm and Gothenbui 
five main sub-statiom 
Waterfalls Board are 
form of high tension 
pressure in these sta- 
down to lower volta^ 
the transmission lines 
own neighbourhood, 
to the farms and estat 
of the stations, namel 
Skoldinge, are supplie 
kV and for transform 
formers previously su 
used. As these par¬ 
ticular transform ers 
are of older ty^e, 
they will not be dealt 
with here and we 
shall confine our¬ 
selves to the new 
plant being supplied 
by Asea especially 
for this electrifica¬ 
tion. The three re¬ 
maining stations, na¬ 
mely those at Halls- 
berg, Moholm and ^ 
Alingsas are supplied r 
from the State Power ' 
Station at Trollhat- ^ 
tan, the two first- 
named via the 
main western 
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m 

I*ig. 1, Hiikclite ring for ma between 11,T. winding and yoke. 



with interleaved joints, which construction has 
been shown to have usually many advantages 
over the loose yoke pattern, If the core is 
built with one or both of the yokes butt- 
jointed to the limbs it is obvious that the 
joints between limbs and yoke must, for me¬ 
chanical reasons, be carefully machined, and 
it is not possible to prevent the insulation 
between the separate laminations being damaged, 
so that these are partially short circuited and 
under all conditions this gives rise to increased 
iron losses. The cooling of large cores introduces 
many difficulties in any case, and we have 
considered it unsatisfactory to increase them in 

this unnecessary 
manner, There 
is also danger 
that these par¬ 
tial short circuits 
may extend, 
due to the la¬ 
minations weld¬ 
ing themselves 
together, and if 
this should hap¬ 
pen it is only 
a question of 
time before the 
whole core is 
ruined. A num¬ 
ber of foreign 
firms who have 
continued to 
work with? the 

Fig 4. Asca .lutom.ntic coil shrinkngc cl.impii^ loOSe Vokc ate 
device, " ^ 

* 


arranging special cooling ducts at the joints in 
order to prevent the spreading of the short circuited 
spots by the provision of extra cooling at these 
points. It appears to us, however, that in this 
way the problem is being attacked from the 
wrong side. Even when the machining referred 
to at the joints is done with the greatest care, 
great difficulties have arisen in making the cores 
silent during working, and in this respect also 
the interleaved joints adopted by us offer a 
considerable advantage. To make the cooling 
easier on large units the cooling surface of the 
limbs of the transformer cores is increased by 



Fig. 5. Exterior of TCOS 79, 7,000 kVA, 132/22/6.a kV. 50 cycles. 


provided by cutting the core plates of different 
widths. In this way cooling corrugations are 
obtained, the appearance of which can be 
gathered from fig. 2. In particularly large 
this design is also used for the upper and 
lower surfaces of the yokes. In other trans¬ 
formers the cores are normally divided up into 
several stacks of plates divided from one another 
bv oil ducts. The assembly of the core is made 
as simple as possible by using a few heavy 
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6. Inferior of TCOS 8i, 10,000 kVA, 132/77/6, 

bolts rather than a large number 
ones In this way all the necessary 
insulating the bolts, 
such as bakelite tubes, 
washers, etc. are of such 
dimensions that they 
can be easily handled 
and assembled with 
ordinary care without 
any risk of short cir¬ 
cuits developing bet¬ 
ween the bolts and the 

arrangement 

or the bolts in a single 
row may also be con- 
sidered advantageous 
from the point of view 

ot the possibility of two 

bolts, lying one above 
the other, coming in 
contact with the iron 
core, since in such a 


case the circuit so obtained is not traversed 
by any flux, so that the current induced in 
the short circuited path is theoretically 
zero. To lay great weight on this point, 
as a number of firms do, hardly seems 
correct to us, because tht; bolts near to 
where the core joins the yoke cannot be 
so placed that the principle referred to 
above is followed out, since the field must 
run here more or less sideways, and in 
addition no great difficulty in effectively 
insulating the bolts exists with the low 
voltages which occur, assuming that the 
mechanical design of the various details 
used is good. A construction which allows 
the risk of a short circuit between these 
vital parts must be considered very inferior 
in consideration of the ease with which 
sufficient insulation can be arranged. 

The windings. With the pressures which 
are in question here the transformers are, 
without exception, provided with cylindri 
cal windings i.e. with the windings for 
the different voltages placed concentrically 
and, in general, with the winding for the 
lowest pressure nearest the core. The 6.1 
kV windings consist of one coil per leg 
and are spirally wound, the group of 
conductors being spirally wound in a 
single layer. Oil ducts are arranged bet 
ween the^ turns of the winding, and these 
ducts are maintained by placing distance 
pieces of presspahn at frequent di.stances 
along the coil. It is clear that such a coil 
IS particularly effectively cooled since the 

of smaller ^way from all four 

or smaller sides of each conductor. The arrangement dsn 


3 kV, 50 cycles. 


7, 


One of 7,000 kVAt^sIW. 
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Fig, 8, Cooling aggregate. 

f?» 

neighbouring turns. To reduce the eddy-current 
losses each conductor is split up into a large 
number of parallel sections consisting of thin 
copper strip in the radial direction, and the 
separate sections of the conductor are trans¬ 
ferred successively so as to change places in 
the conductor group. The coil is wound direct 
on a seamless bakelite cylinder which acts at 
the same time as a mechanical support for the 
winding which it insulates from the iron core. 
Windings of this kind are relatively broad, 
which is a great advantage with regard to me¬ 
chanical stability, as the surfaces transmitting 
pressure between the various turns are large, 
and the supporting rings between the ends of 
the winding and the yokes can also be of great 
width. As these rings are made in the form of 
massive bakelite cylinders, particularly strong 
supports are obtained against the yoke in the 
axial direction. 

The windings for the medium pressure, on 
account of the higher voltage, are of different 
construction, and these are made on the same 
principles as the high tension windings. All 
these windings are made in the form of flat 
coils, the separate coils being wound of flat 
copper strip arranged like the; turns of a clock 
spring. These windings have been found better 
than any other type for higher voltages, Amcmg 
other advantages it may be pointed out that 
short circuits between turns in the same coil 
cannot occur, as in the case of coils wound in 
layers, which are also inferior in the mechanical 
respect, since the insulation on the conductors 
is easily destroyed on short circuit under the 
action of the pressures which, occur in the axial 


direction. The voltage between two 
adjacent conductors can, with flat coils, 
only reach the voltage induced in one 
turn, while on the other hand in 
layer-wound coils this is many times 
... ,9^. greater, depending on the number of 

I turns per layer. With regard to cooling, 
the flat coil type has the great ad¬ 
vantage that each separate turn of the 
coil is directly cooled, by the oil 
Lastly, by no means the least advan¬ 
tage it that during, and after manu- 
facture, each separate turn is available 
for inspection, while the construction 
of layer-wound coils in many ways 
prevents proper control of the progress 
of the work. The insulation between 
turns consists of a combination of 
paper and cotton, which, on the high 
tension conductors especially, is made 
particularly heavy, and as an example 
it may be mentioned that on the trans¬ 
formers for Moholm the sectional area of the 
copper amounts only to 25 % of the cross sec¬ 
tional area of the insulated conductor. The coils 
are twice subjected before assembly to vacuum 
impregnation with oil resisting varnish, and by 
this means, after drying, they are particularly 
rigid and stable mechanically. The mechanical 
strength of the coils was made the subject of 
an investigation by the Swedish State Testing 
Bureau, when an ultimate compressive stress of 
approximately 50 kg per cm^ on the surface of 



Fig. 9. Oil cooler for 7,000 kVA transformer. 
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the coil was measured when compressing 
the coils in the axial direction. As the 
total surface area of the presspahn collars 
between the coils is about 850 cm", a 
limit of compression for the windings i;| 
accordingly obtained amounting to 43 tons, 
a figure which is five times as great as 
the strains to be expected on the windings 
in the axial direction when the worst short 
circuits occur. 

The windings are insulated from one 
another by a large number of bakelite 
cylinders which divide the insulation space 
into a large number of electrically series 
connected oil ducts. With the voltages 
now in question the insulation to iron 
naturally gives rise to great difficulties, and 
in order to improve the insulation round 
the high tension windings special precau¬ 
tions are taken in this case at their ends. 
Tests made with specimens have shown 
that these arrangements are able to with¬ 
stand a test voltage exceeding the gua¬ 
ranteed test voltage of 275 kV by 50 
without any trace of brush discharge or 
other damage to the material being detected. 
Against the yoke the windings are sup¬ 
ported, like the low tension windings, by 



10. Interior of EO 77. 2,400 kVA. 3, 


.000/16.000 volts, ma cycles. 


Fig. 11. Exterior of EO 77, 2,400 kVA, .3.000/Ui.Oai volh, I6‘.^':uyclcs. 

clamping rings in the form of thick bakelite 
cylinders, which in order to obtain a strength 
commensurate with the strength of the windings, 
themselves, and the stresses occurring, are amply 
dimensioned as shown in fig. 3. On these rings 
a number of clamping screws pre.ss, arranged in 
he upper channels of the yoke, their function 
being to fix the position of the coils in the axial 
direction so that they cannot be forced up against 
the yoke under the action of .short circuit stresses. 
Windings for specially high voltages contain a 
frT2 insulating material, and on this 

"o’" winding settling 

after th ^^1 vibration occurring on load 

ter the clamping screws have been tightened 

hetwe ^ ® certain amount of play 

on Th,? '^“fngs and the upper yoke, and 

riidftTic"" vibration takes place and the 

the s£i!, ^^toh is necessary to re.si.st 

mL b ^ occurring on short circuit. The com* 

placed on accordingly- re- 

automatirall tension windings by an 

atically actyig arrangement, fig 4, con- 
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Fig. 12. 'I’ninslormer far h>c(un(itive type Gel delivered in 1920. 


sisting of a heavy bolt which follows the wind¬ 
ings down, as soon as they show any tendency 
to shrink, due to the pressure of a strong spiral 
spring. In the opposite direction the bolt is 
locked by a special nut with a ratchet so that 
the coils and bolts cannot be forced back when 
a short circuit occurs. 

These transformers being intended for cooling 
by oil circulation the tanks are of plain sheet 
steel. The section is oval in plan and the flat 
sides are stayed by a large number of steel 
channel sections which are welded on. As the 
transformers are to be erected out of doors the 
covers are domed and all fittings on the cover 
are provided with raised flanges so that the rain 
water can run off easily without tending to get 
inside the tank. The terminals on the high 
ten.sion side are condenser type bushings^ and 
have a flash-over pres.sure, dry, of 360 kV, the 
paper insulated interior is surrounded by a 
porcelain sleeve provided with a flange, and all 
space between this sleeve and the insulator is 
filled up with compound so that the bushing 
is well protected against damp. ^ 

At the commencement the transformers will 
work delta connected on the high tension side 
for 132 kV. but they are <^esigned so that later 
on they can be star connected for 220 kV with 
earthed neutral point. These transformers are 
the first so far constructed in Europe for this 
working voltage. The transformers are being 
supplied with standard 132 kV insulator bush¬ 
ings as shown in figs. 5 and> 6, and the in en- 
% 
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tion is to exchange these for a larger type when 
the change-over to 220 kV is made. 

The 10,000 kVA transformers for Hallsberg 
and Alingsas weigh 75 tons filled with oil, and 
the dimensions are 2,530 x 4,870 mm in width 
and length while the maximum height is 6,330mm. 

The transformers have been designed to be 
transported to site completely assembled and 
filled with oil, and in order to make the tran¬ 
sport possible the Swedish State Railways ob¬ 
tained trucks which were specially built for 
the job. 

The oil is cooled by means of a separately 
mounted oil cooler (see figs. 8 and 9), and for 
connection to this the transformer is provided 
with two 3" valves. The oil coolers are of special 
type, the principle being similar to that of the 
coolers described below for the locomotive trans¬ 
formers. Cooling is effected by means of com¬ 
pressed air so that the cost of cooling water is 
saved. The general particulars are as follows: 

Quantity of oil circulated 18,500 kgs per hour. 

Losses dissipated 157 kW. 

Quantity of cooling air 14 m^ per second. 

Power taken by the pump and motor driven 
fan 16 h.p. 

Step-up Transformers for the Overhead Contact 
Line, The three-phase supply from the trans¬ 
formers described above is converted by means 



Fig. 13. Transformer for D type locomotive, 
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Fig. 14. Transformer for D type locomotive. 


of rotary machinery in the railway sub-stations 
to single-phase at 3,000 volts and 16% periods. 
For stepping up this voltage to the necessary 
pressure for the contact line, 16,000 volts, 
twelve step-up transformers have been ordered, 
to be divided among the different stations, all 
exactly similar and built to the following data: 

Type EO 77, 2,400 kVA, 3,000/16,000 volts, 
16% periods. 

These transformers, like the others, are of 
core type and fig. 10 shows an interior view of 
one of them. The transformers are constructed 
with two windings on each limb, the limbs 
being connected in parallel on the high tension 
side. The low tension coils are arranged of the 
spiral type as previously described, and the 
construction is accordingly very much the same. 
The transformers are arranged for cooling by 
means of natural draught, and as the losses are 
large in proportion to the output, on account 
of the low frequency, the oil tanks are con¬ 
structed in a special manner. Fig. 11 is an exterior 
view of one of these transformers and it will 
be seen that the oil container consists of a main 
tank round the sides of which relatively deep 
cooling vanes are provided. To obtain sufficient 
radiating surface a number of oil cooling pockets 
are provided and furnished with similar cooling 
vanes. The pockets are removable so as to be 
accessible for cleaning. 


All the stationary transformers are provided 
in the ordinary way with expansion vessels. 
The expansion vessel is connected by a pipe 
with a drying apparatus, mounted at a convenient 
height, in which calcium chloride may be placed 
for drying the air drawn in. 

The following particulars apply to these trans¬ 
formers : 

Total weight 22,500 kg. 

Efficiency at Full Load 98.13 %. 

No load losses 8.7 kW. 

Short circuit voltage 5.9 

II. Transformers for D-Type Locomotives, 

For the fifty locomotives of type D which 
are now under construction, locomotive trans¬ 
formers are being built by Asea with the fol¬ 
lowing data: Type ECO 16 — continuous output, 
for the motors, 1,180 kVA, to which during the 
summer must be added 50 kVA for driving 
auxiliary machinery, and during the winter 260 
kVA for train heating. The total output during 
the winter is accordingly 1,490 kVA. These 
transformers are designed for stepping down 
from the contact line voltage, the mean value 
of which is assumed to be 14,000 volts. On 
the secondary side they are wound for a maximum 
voltage of 840, and tappings for the motors are 
provided with the following voltages: 840,672, 
528, 384, 264 and 168. Besides the above, 
special terminals are arranged at 216 volts with 
extra tappings for + 10 this voltage being 
for driving the auxiliary machinery. The above 
main transformers are built in combination with 
regulating transformers and two current trans- 
formers, all of which are placed in the same tank. 
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TTte Main Transformers. These transbrinen, 
chiefly for reasons of space, arc of the shell 
type as this type allowed the overall height to 
be considerably reduced. For work of this nature, 
which naturally introduces particuLirly heavy 
meclianical stedins and serious vibration, it is 
natural that the first requirement is that the 
transformers should be as strongly constructed 
as possible. For this reason all the older designs 
were carefully revised and a new type produced. 
The changes introduced can be gathered by 
comparing the illustration fig. 12, which shows 
the arrangement of the transformers for an older 
locomotive type Od, with figs. 13 and 14 which 
show the transformers for the type D locomotives. 

As regards the special arrangement of the 
colls the original design can be gathered from 
fig. 15 which shows a low tension coil for the 
Od transformers. These coils are, as shown, 
wound horn bate copper strip and insulated 
between turn^ by distance pieces of wood, the 
complete coil being held together by a wooden 
moulding. This construction, although it is still 
made use of by many other firms. Introduces 
a number of weaknesses. That the strength of 
the wooden framework is not great will be 
clear if one imagines the colls themselves removed, 
when the moulding alone is quite unable to 
resist any great strains. Any particular presnire 
from witnout, tending to press the coils together, 
cannot be exercised, as the construction must 
be such that the different mouldings are not 

movable with re¬ 
spect to one 
another so that 
any tendency to 
press the coils 
together causes 
the framework 
to break. Lastly 
ft may be men- 
tioneo that the 
wooden fillets 
crossing from 
side to side in- 
terbre to a great 
extent with the 
circulation of oil 
along the coils. 
The new arran¬ 
gement adopted 
is shown In fig. 
16. This figure 
shows a nigh 
tension coil, but 
the arrangement 
of the low. ten- 

"*• iS in 




Fig. 17. KfteHor of nantformcr for D type locomotiw. 


general the saine» which i.s attained by dividing the 
massive copper conductors previously used into 
a large number of parallel connected parts In¬ 
sulated from each other by a cotton covering 
As the wooden mouldings cannot be considered 
sufficiently strong to hold the coils together 
these have been entirely done away with and 
the new colls are assembled instead with U- 
shaped collars of white presspahn which is 
stamped out to the form shown in the figure! 
The function of these collars Is first to act as 
distance pieces between the neighbouring coils 
so &at sultaUe oil channels arc obtained for 
oil circulation on both sides of the coils. The 
projecting presspahn tongues are extended so 
that each turn in the coll when pressed together 
is separated at a number of different points 
along its length. "With this construction, unlike 
the earlier one, the coils are held together by 
clamping devices acting from without which 
are so arranged that they act on the cous in 
all directions, and the stability of the windings 
depends in a considerable degree on the way 
these devices are arranged. The rigidity of the 
windings is increased considerably by the tact 
that the coils of this type are impregnated in 
a vacuum before assembly. Before this Impregna¬ 
tion the colls are pressed together in all direc¬ 
tions in a special former so that the ^ct di¬ 
mensions required are obtained, and the pres¬ 
sure is maintained during the whole of the 
Impregnation process. The result is particularly 
strong and rigid colls which do not shrink 
under the .jetton of the clamping devices by 
more than a millimetre or two after assembly. 
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Regarding other details of the winding it may 
be said that in addition to the distance pieces 
referred to above the coils are also insulated 
from one another by strips of presspahn laid 
between. A number of high tension coils are 
placed together in this manner in a stack, and 
this stack of coils is insulated from the core 
and from the surrounding low tension coils by 
a system of presspahn collars of angle section. 
The system is constructed so that the different 
parts can slide past one another during pressing 
without becoming deformed in any way. 

As regards the method of assembly for the 
windings on the core the new arrangement 
differs considerably from the old. In the latter 
the coils were fixed directly on the core and 
this meant that the windings could not be 
regarded as being held immovably in the ver- 
'tical direction, since the core, which is con¬ 
structed of 0.5 mm plate, cannot be regarded 
as solid and has a tendency to shrink to some 
degree during working. In the new transformers, 
for this reason, the supporting of the coils is 
entirely independent of the core and the coils 
are erected on a strong horizontal T section 
carried by bolts from the lower channel irons 
(see figs. 13 and 14). The section referred to can 
be pressed upwards by a nut, while the core 
plates by means of corner bolts, shown in the 
same figure, can be pressed together, and the 
windings and core plates are accordingly entirely 
independent of one another. In plan the wind¬ 
ings are pressed together between pressing 
devices acting on the top and bottom ends of 
the coils, and the parts of the coils surrounded 
by the core are pressed together by a large 
number of vertical wooden wedges, which are 
visible in fig. 14. 

The channel irons for the main transformers 
are castings in the new type and are conside¬ 
rably stronger than the old pattern which were 
made up from welded angle iron. The channel 
irons are extended for fixing the regulating 
transformers. 

^ Special care has been given to the arrangement 
of the connections to the low tension windings 
as it has been found that these details are ex¬ 
ceptionally sentitive to the vibrations which 
occur. From the coils accordingly connections 
are taken out in pressed bakelite tubes to busbars 
lying directly over the windings. These bars are 
exceedingly carefully stayed, each being provided 
with one or more separate supports. The con¬ 
nections between the busbars and the terminals 
have been made with a number of parallel 
connected stranded cables made from wire of 
particularly fine section. This arrangement has 
been shown to be capable of withstanding the 


continual heavy vibration which must be ex- 

pected. . 

The Regulating Transformers, For running the 
locomotive sixteen voltage steps are rL(^uired 
on the low tension side, and the simplest way 
of obtaining these would naturally be to provide 
the main transformer with a corresponding num¬ 
ber of tappings on the low tension winding. 
It has, however, been found that an arrangement 
of the winding with such a large number of 
tappings would be greatly complicated, and in 
addition space is wanting on the cover of the 
transformer for a sufficient number of leading 
through insulators. For this reason regulation 
is carried out in accordance with a principle 
introduced by one of the Swedish railway 
officials by which the main transformer is provided 
with a considerably less number of tappings, 
and the voltage steps thus obtained are further 
divided by a separate transformer, which by 
means of the operating gear, is^ changed over 
to the different transformer tappings so that 
the whole range of voltage variation can be 
finely divided. The regulating transformers each 
consist of two units of which the larger cuts 
down the voltage per step to one half, and the 
smaller again divides the resulting voltage .step 
by three. 

Both transformers are, in the present case, 
built together into a single unit with a common 
core, and the unit can be seen to the left of 
fig. 14. The transformers are of ordinary core 
type with cylindrical windings. By making use 
of series and parallel connection of the different 
coils it is possible to arrange not only for the 
four coils of each transformer to have the same 
number of turns, but also that all the eight 
coils can be wound with copper of the same 
dimensions. The winding is done with bare 
copper strip on edge and insulated by pre.sspahn 
rings between turns. As the frequency is low 
no transposing of the windings is neces.sary, 
but as stated they can be made with a heavy 
section so that the arrangement is particularly 
simple and strong. The coils are vacuum im¬ 
pregnated in the usual manner. The regulating 
transformers are connected to four separate 
leading through insulators in the transformer 
cover. 

The transformers are placed in a common 
oil tank of which fig. 17 shows the external 
appearance. The transformer core must of course 
be very carefully stayed to the tank so that 
all movement is prevented, and special arrange¬ 
ments have been made to accomplish this. In 
order to prevent movements in the horizcntal 
direction the transformer tank is provided at 
the bottom with fptir removable covers, of which 
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one CAn be seen on the extreme right. Imide 
strong Angle Irons Arc placed fixed to the tank, 
and provided with a number of locating screws 
which arc accessible after the inspection cover 
has been removed. These screws press against 
the ends of Ac lower yoke channel irons of 
the main transformer and act In four directions. 
At the same time, as a very ‘ effective fixing of 
the transformer core is obtained by this method, 
the placing and adjusting of the transformer in 
its tank is very simple and can be carried out 
without very careful location. For fixing the 
core in the vertical direction two girder sections 
are provided above the covet which can press 
downwa^s through vertical lifting bolts which 
pass through the cover. The pressure from these 
is transmitted through the girders to four lifting 
bolts, visible in figs. 13 and 14 carrying the covet 
and in this way the transformer is preped 
tightly against the bottom of the tank and all 
clanger of tl^e core jumping in the tank is 
obviated while the locomotive is running. 

It Is of equal importance that the complete 
transfonner should be firmly fixed to the loco¬ 
motive frame, and this fixing Is carried out In 
a similar manner. The vertical lifting bolts just 
referred to, which arc outside the tank are fixed 
direct in the foundation of the transformer and 
prevented from moving In the vertical direction. 
The base consists of a cast and machined steel 
plate which Is provided, at the comers of me 
transformer tank, with cast lugs with bolts 
pressing tightly against the transformer hori¬ 
zontally. For taking up this pressure the trans¬ 
former tank is Strengthened at the comers with 
iron plate welded on as shown in fig. 17. 

Coolers. The transformer 
oil is cooled in an oil 
cooler, mounted separately, 
by means of compressed 
air, fig. 18. The arrange¬ 
ment with separate cooler 
is used so that the trans¬ 
former tank can be made 
heavier and stronger than 


would be the case if it bad to provide at the 
same time sufficient cooling surface. The trans¬ 
former tank is provided with two oil valves 
for the entering and leaving oil and pipes carry 
the oil via a motor driven pump to the cooler, 
^e fon for supplying the necessary quantity 
of air is mounted on the same shaft as the 
pump so that only one driving motor is requited. 
The cooler is erected on a cast steel bedplate, 
into which the air is forced and thence passes 
in the vertical direction upwards through the 
cooler. The cooler itself consists of a large 
number of similar parallel connected cooling 
elements. These elements are constructed in the 
form of flattened tubes placed on edge and 
mounted at a small distance from each other 
and having distance pieces of sheet iron, the 
air supplied being forced between them. At the 
ends these elements are welded to one another 
and the unit so obtatoed is welded Into a 
strong ftame having cast iron end covers pt<^ 
video with feet for supports. The oil is led 
into and taken from these end covers. The oil 
then passes through the cooler in the horizontal 
direction inside the elements while the air passes 
outside In the vertical direction. 

The coolers are .subjected to a vibration test, 
before delivery, filled with oil and mounted on 
their bedplates. 

Data. 

Weight of complete transformer, excluding oil 
7,900 kg. 

Weight of oil 2,100 kg. 

Efficiency at 1,230 kVA cosjo - I. 0 , 97.$ 
Efficiency at 615 kVA cosy>- I. 0 , 97.9$ 

Total losses with winter load 43.$ kW. 

Weight of cooler includ¬ 
ing bedplate and oil 
985 kg. , , 

Quantity of oil clrcuwted 
200 dm*/min. 

Quantity of air circulated 
200 m*/min. 

Power required for fttn and 
oil pump 14 h.p. 



Fig. IS. OH tmr D type l.cMi»o«ve liaailoniwn- 
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flectric rotary snow ploughs for the riksgrans 

railway, SWEDEN. 



Fig. 1. One of the new electric rotary snow ploughs for the Riksgrnns Railway, Sweden. 


The section of the Swedish State Railway 
between Lulea and Riksgransen, known as the 
Riksgrans Railway, lies above the Arctic Circle, 
and it follows that special measures have to be 
taken to deal with the semi-Arctic climate which 
causes particularly severe winter conditions in 
the area served by the line. 

One of the greatest difficulties to be contended 
with is that of keeping the line clear of snow 
during the winter. Since the line has a length of 
approximately 450 km largely through unin¬ 
habited districts, and as during a heavy snow 
storm drifts several metres in depth can cover 
the line in a few hours, it will be obvious 
that the work of keeping the track clear, if 
CMried out by hand alone, would be in the 
highest degree arduous and would provide con¬ 
tinuous work for hundreds of men, even if the 
necessary staff could be housed in such a region. 

It follows that suitable mechanical arrange¬ 
ments have had to be obtained, and these are 
being added to and improved from time to 
ime, the latest development in this direction 
being represented by the two rotary snow ploughs 
which were delivered last year to the Riksgrans 
Railway by Asea. These are probably the only 


snow ploughs in the world de.signcd for electric 
drive. 

The principle on which these ploughs work 
is that of using a large rotating plough wheel 
which throws the snow out to the side of the 
track, while ^ the whole machine at the same 
time moves forward along the line. Mg. 3 shows 
one of the machines at work, although handling 
only a small amount of snow. 

The plough wheel, together with the motor 
for turning it and the other machinery necessary, 
is mounted on a railway waggon which is 
provided with a driving cab and machinery 
compartment. The waggon is carried on two 
goods truck bogies, and the axle pressure is 
16.5 tons on the forward and 10.5 tons on the 
rear bogie. 

The snow plough is not provided with loco¬ 
motive power, but^ is pushed from behind by 
an electric locomotive which can be controlled 
from the driving cab of the snow plough. 

The motor for driving the plough wheel 
shaft has a one-hour rating of 565 h.p, and can 
be momentarily overloaded with nearly double 
the .torque corresponding to this output. The 
riving motor is designed as a series wound 
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single-phase motor oE the same type and ap¬ 
pearance as those used for locomotives of type 
Od. These motors have been already described 
in the Asea Journal, July 1924. 

Fig, 2 shows the arrangement of the snow 
plough, togethtt with the location of the various 
machinery. 

The framing is very strongly dcsimwd to 
meet the unevenly divided loads which occur 
in use. The body of the waggon Is built of 
wood on angle-iron framework, and is . lined 
inside with wood panelling. The roof is divided 
into a fixed portion in the middle and two 
removable parts. The fixed part of the 
carries the current collector and leading through 
insulator. The roof Is covered in the usual 
manner with impregnated roofing material. 

At the forward end of the plough is fixed 
the housing of the plough whew, The sides of 
this are made from steel plate 15 mm thick, 
and the whole Is made fast to the under-frame 
with heavy inclined stays. The o' “I* 

housing form the greater part of the front wall 
of the driving cab, but inside the cab they arc 
lined with wood. At the top part of the housing 
the sides are made to approach in sector form. 
In this upper part there are no coveting plates, 
so that an opening la provided through which 
ihc snow can be thrown out. A shutter can be 
adjusted from inside the driving cab so tlwd 
the snow can be thrown out to either side^ and 
at any angle between the two limiting positions. 


The operation of this shutter is by means of 
a screw which can be turned by a handwheel. 
The cover of the ploughwheel Is continued 
forwards, and two side guards or screens are 
extended out, which in travelling, cut out the 
snow and determine the load which the plough 
is to. remove. The lower part of the extended 
front of this cover is horizontal, and is provided 
with a V-shaped cutter with a blade of hardened 
sleel. The covet is divided horizontally, and the 

E lates forming It arc so arranged that the upper 
alf can be lifted off, so that the machinery 
and plough wheel, together with shaft, can be 
lifted out of the plough after removing the 
forward part of the roof. The housing is provided 
with a snow screen on top, on which the 
headlight is placed. Heavy steel plate is used 
throughout in the construction of the housing. 

The plough wheel is made with 10 cells of 
cucullated form, and the bases of these rest on 
the baseplate of the wheel. The outer edges Sre 
sharp, and arc made fast to a cast steel cell 
base In such a way that the outer edges are 
in a higher plane than the respective bases. 
The cells ace open in front throughout their 
length. This opening Is partly covered by two 
knives of haref steel which can be turned round 
radial axles, one being placed at each edge of 
the opening, The knives arc connected together 
in pairs In such a manner that they take up a 
suitable position according to the direction of 
rotation of the wheel. When the knives on one 
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side of the respective cell openings (i.e. the dish State locomotives, type Od. (Sec Asea 

knives which lie in the direction of rotation) Journal, July 1924). 

come into action, there is accordingly a reaction The current is taken from the contact wire 

pressure, which due to the connecting links by a current collector of pantograph type, and 

forces the knives on the opposite sides of the is led through a high tension leading through 

openings to be withdrawn. The size of the insulator to the oil immersed''circuit breaker 

openings is limited by stops on the operating which is enclosed in a special high tension 

rod. The plough wheel is held together by a compartment at the back of the machine. The 

strong cast steel boss which is keyed on to door to this compartment cannot be opened 

the shaft At the forward end the shaft is until a short circuiting arrangement has-been 

completed by a casting of conical shape, keyed operated, which earths the high tension con- 
on, to which two strong ’’horns" are fixed. nections. From the circuit breaker the current 
These are intended to break up hard frozen is taken to the transformer, where the nressurp 
pieces of snov^ so that they will enter the is reduced to a suitable value for the motor 

diameter of the plough wheel The motor voltage is regulated in the same 

^70 itf notation is way as it is on the Asea single-phase locomotives 

1.7 r.pun At 1/0 r.p^m. the motor current is by connecting different secondary terminals on 

automatically broken by a centrifugal switch the transformer by relays to a riactance coil in 

of 220 mm, rests in three sleeve bearings which provided is ten in addi nn ^ ^ 

r. “ ts 

The motor, which is placed longitudinally £1? Thifr^f '7 

is provided with a cast steel stator frame wki 7 ’ • 7 operated when no current 

is bolted to the bedplate It drtes Ler Tfl ^ 

gear. The gear pinion is combined with a brake Tf Te 7 f77 ^7 *^^da drum 

drum, and against this two brake blocks can be overlnarl° 7 ’^°•‘ddition to this apparatus 
pressed these being operated by air pressure ventilator'^rnd 7 ^'^ 77 *^ 7 ^' 
from the driving cab. In this way both the L7he77/ 

rotor and the plough wheel can bl braked at cinfe ad!! f arrangements, the prin- 

the same time. adopted being the same as for the Asea 

_ Most of the remaining electrical equipment is mo5n7d T AH the apparatus is 

crectc>d m the machinery compartment This TI^ ^ on a common framework, 
mcludes the compressed air operated curr^,.+ and transformer 


includes the compressed 
collector, oil im¬ 
mersed circuit 
breaker for the 
high tension supp¬ 
ly. the transfer- 
mer, switchgear ’'h ' 
frame, and a mo- ’ 
tor driven venti¬ 
lator for cooling : , 

the transformer 
and plough wheel 
motor. All these 
parts are of the 
standard design 
as fitted to elec- y, 9 . 
trie locomotives, 
and generally si- 

milar to the equip, 
ment on the Swe~ 


air operated current is arranrd so ths T v 
. * •,- 7 - - through a .system 










3 . Electric robry ,„ow plough in ..c«o„. 


of tubes arranged 
vertically in the 
transformer tank, 

' into the ventilator, 
and afterwards 
forced through 
the cooling ducts 
of the motor. 

In the driving 
cab the floor level 
is raised, so that 
the driver is able 
to obtain a look¬ 
out through the 
windows, which 
are placed neither 
high. In the cab, 
in addition to the 
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lever for operating the shutter in the plough wheel 
housing, there is placed a handle controlling the 
rail scraper, a hand-brake, and operating handles 
for the air brake, the plough wheel brake, sand 
apparatus and whistle; also a tachometer for 
the plough wheel and controller for working 
the plough wheel motor contactors, as well as 
the controller for operating the banking loco¬ 
motive. 

The driving cab is provided with heating 
apparatus. Instruments include a voltmeter for 
the overhead line voltage, an ammeter for the 
plough wheel motor, and a switchboard for the 
lighting and heating installation. 

On the buffer board of the snow plough are 
fitted two multiple plugs for connecting to the 
banking locomotive, so that this locomotive can 
be driven from the driving cab. The snow¬ 


plough is provided with the standard air-brake 
adopted by the Swedish State Railways. Com¬ 
pressed air is obtained from the compressor of 
the banking locomotive, and the snowplough 
is provided with train pipe, valves and brake 
pipe connections, so that the air-brake on the 
locomotive can also be controlled from the 
driving cab of the plough. 

These snow ploughs have been in use during 
the whole of last winter, and have operated in 
a perfectly satisfactory manner. 

The large rotating masses have been found 
well balanced, and the whole of the ma¬ 
chinery has run in a very quiet and vibra¬ 
tionless manner. 

The electrical and mechanical equipment has 
all been supplied from the Asea shops in 
Vesteras. 
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ASEA SELF-STARTING SYNCHRONOUS MOTORS, 


In a foregoing number of the Asea Journal 
(1925 No. 2) an article will be found which 
describes the general construction of Asea syn¬ 
chronous motors, and refers to the economic 



Fig* 1, Connection diagram for self-sMrting synchronoits motor with 
changeover switch for series-parallel connection mounted on the motor. 


significance of synchronous motors as a means 
of improving power-factor. An important con- 
tributary cause of the greatly increased use of 
these machines at the present time is the vast 
improvement which has been made in the 
methods of starting, and in the simplification 
ot the methods commonly in use, By way of 
completing the article referred to we shall now 
describe the manner and routine of starting 
synchronous motors in accordance with the 
methods commonly used by Asea. 

A self-starting synchronous motor can be 
started, as the name suggests, without the help 
of another motor, and is also self-synchronising, 
Ihe motor starts asynchronously and runs as 
ail induction motor nearly up to the synchronous 
speed. The asynchronous torque, with synchro¬ 
nous motors of Asea*s normal design, is produced 
by interaction between the rotating stator field 
and the eddy currents caused by this field in 
the massive rotor iron. The rotor field winding 
is of no special importance during starting and 
at this period may be either open-circuited or 
short-circuited. The greatest torque is obtained 
with an open-circuited field winding; with a 
short-circuited field winding the torque is some¬ 
what impaired. Starting with an open-circuited 


field winding however means that both winding 
and sliprings must be able to withstand the 
pressure, often comparatively high, whicli the 
stator field induces in the Held winding. On 
account of this fact and for another reason 
also which will be clear from the following - 
a fixed resistance is connected between the 
sliprings in series with the exciter. By suitably 
dimensioning this resistance the voltage between 
the sliprings during starting can be kept suffi¬ 
ciently low without the current in the field 
winding becoming so great as to weaken the 
torque to any troublesome clcgrcci Ibis resistance 
is not of course a ‘starting resistance’ in the 
usual sense of the term. 

The motor, commonly, has a direct connected, 
shunt wound, exciter. When full asynchronous 
speed is reached, the exciter voltage has built 
up, and the field of the synchrc\|u)us motor is 
thus weakly magnetised, since the field circuit 
is closed through the fixed resistance. The motor 
therefore immediately drops into synchronism 

















over iibaie |il^. 

with correct polarity, under the assumption 
naturally that the load conditions are such as 
to make synchronism possible. (Even if the 
field is not magnetised in this way with con¬ 
tinuous current there is still a synchronising 
torque, due to the salient pole formation, which 
can draw the rotor into synchronijun). If the 
motor is exc?ted from a. separate source, the 
field is first excited when the motor has reached 
hill speed. 

In order that the starting current may not 
be too great it is usual to start with reduced 
voltage, or to provide the motor with a stator 
winding which can be reconnected for starting 
in such a way that the Impedance is conside¬ 
rably greater than it is for nonnal running. In 
the former case an auto-transformer is used, 
while with a reconnectable stator winding series- 
parallel connection is the most common, although 
Y/D connection may also be employed. When 
full speed has been reached, the motor is quickly 
switched over to full voltage, i,e. to the normal 
running position, and <it the same time the fixed 
resistance in the field ciruit is shunted. The 
field current can thereafter be regulated in the 
usual manner. 

The starting method which has most often 
been used is the series-parallel method. The 
stator winding of the motor is then furnished 
with two parallel circuits per phase; the leads 
necessary for reconnecting the winding are taken 
to a change-over switch,' which in small units 
is placed on the motor itself, and with larger 
units is made for separate mounting. The dia¬ 
gram of connections is shown in fig. 1. During 
start, which is carried out by closing the main 
circuit-breaker with the change-over switch in 
the .starting position, the two circuits are con¬ 
nected in series with each other, so that the 
impedance is four times as great as it Is with 
parallel connection. The starting current (the 
line current) is commonly, with a motor of 
normal design, about equal to the fulljoad 
current; if the reactance can, be made particu- 


lady large, without disadvantage to the other 
characteristics of the machine, — e.g. by using a 
Urge number of conductors in the stator winding 
— and the motor is started at no load or with 
inconsiderable load, the starting current can be 
kept still lower. 'When the motor reaches syn¬ 
chronous speed, the stator winding is reconnected 
by rapidly throwing the change-over switch into 
the tunning position. 

The series parallel connection method is used 
for low tension motors up to about 300 kVA. 
It can also be employed for larger units up to 
about 1,000 kVA and for higher voltages, 
3,300 volts and higher, provided that the large 
number of conductors made necessary by the 
parallel connection does not give rise to diffi¬ 
culty as regards insulating between the con¬ 
ductors. For outputs above 300 kVA the change¬ 
over switch is furnished with a resistance to 
protection at changing over from series to 
parallel connection. Series-parallel connection 
may even in certain cases be used for larger 
units than those of 1,000 kVA as referred to 
above; in order to reduce the current rush 
when changing over, phase by phase chanring 
over can be used (a description of this memod 
of reconnection is given below). 

Somewhat similar to the above in operation 
Is Y/D connection, which is often used for 
small induction motors, and can also be employed 
for self-starting synchronous motors. With Y/D 
connection the starting current — other things 
being equal -- Is 33 ^ greater than with series- 
parallel connection; the starting torque is also 
increased in the same proportion. It is important 
that the change over from Y- to D> connection 
is done in correct phase order, .so that the least 
possible current rush is caused. 

Starting with an auto-starter, a method which 
can be i^d for all voltages and outputs, in¬ 
troduces the advantage that the starting voltage 
can be reduced to the most suitable value ror 
any particular case, by a careful choice of the 
ratio of transformation of the auto-transformer 
used. In this way it is often possible to keep 
the starting current lower than it would be 
with series-parallel connection. Auto-starlers ate 
preferably used for large motors; for smaller 
motors they are used only when a reconnect- 
a,ble winding is unsuitable, e.g. when the 
woridng voltage is high. For starting, with an 
auto-starter the motor is furnished perfectly 
standard, and without extra terminals. A change¬ 
over switch is placed between the motor and 
the auto-starter for throwing the motor direct 
on the supply when full speed has been reached. 
For outputs above 300 kVA the change-over 
switch, is provided with a protecting resistanss. 
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Fi«.4. 0*dlt«K»m <rf (I) ,„d riWIPiJ tofqdt (M) fiw Ml^tlirttoii »yndi«« 0 Mi molor. 

^ shows the oscillogram of the currenl 
over Switch Is commonly arranged so that the In ohe phase of the stator of a self startinii 

SISe“!it*^rtime ^ald'^tl??' ****“ f‘ 4 * ?y"®h”>“ 0 ‘'s At first sight the variation 

1 * L V current is in the starting current appears to be verv 

It“wU?^bfi?n 1 h 5 ”w^^^ ‘o'^'spoodlng maxima ai3 

thr^** oh^seTnf ikl **"* .“"l* “**’“«» sometimes symmetrically and sometimes 

Im^ai.5 A. . ®han«« over switch are unsymmetHcallv arranged. This Is explained by 
operated a the same time, here the threephascs the fact that the stator bars of the bhasc com 
connected to the full voltage, sldered continually take up dlflfcrenf oosi 


^ separately connected to the full voltage, sldered continually take up different positions 
The. chanpover is made so that the motor Is with respect to the salient polen tK?or 

The mir in which the stSm^ernr:!:: v“S 


j -1 . ®- — •.s.utii ulc xm manner in wnicn me smtor curreur varies 

iltL?tew“ai”VSrS^^ machine runs with the position of the phase in rebtion to 

pha™ motorwlih * t”*' P°'®* •>« determined by taking successive 

SI fia ? I: successivdy increased voltage, readings of the stator current at constant voltage 
« ^ wconnectlon begins the motor with the rotor locked In a number of dilferent 

men^M Us'brekl^'theV?'**®' positions. The current is greatest when the con- 

S^ase S-«h reJ^!ice?^voifi!. S" *i!"* “o® the phase lie midway between 

bV and when nhailT 1 . " ^'"Ta ‘"«<«dle 

tKl vXe/ih* IS connected over of the pole surfaces. Between these values the 

o tun voltage, tw motor nins three-phase with current varies approximately as a sine curve 

S^Sfn ?L 3 dVxL T® ?®‘® a between the centre of the phase and 

unsymmetrical pressure (fig. 3 e). When phase +«cospo) 


unsymmetrical pressure (fig. 3 e). When phase /-/««i.(l+«cospo) 

iw. urfcfi* T*®' ”•"» ohce more single- where x is the refation between the amplitude of 
?.cTl u ?“ Pf**®*. (fig. 3 0. the variation of the current about the mean value 

f • f 11 ^ when phase 3 has also been connected and this mean value; p is the number o^poles 
* 1 ! P"**”**' reconnection is completed of the machine. The instantaneous value of the 
and the motor has normal voltage on all three current is . 

phases (6g. 3 g). During reconnection the field /i«ri -Vf/ • ft rn<n«^<.Ac0.r« / 

current of the motor should be kept at U+ xcospff;cos27CVit 

a value equal to the no-load magnetisa¬ 
tion for the intermediate voltage between 
the starting and running voltages. 

When the line pressure is high it is 
sometimes found suitable to use a trans¬ 
former and construct the motor for low 
tension. The transformer can then be 
furnished with suitable starting-tappings 
and an auto-starter is not requited. In 
other respects the arrangement is the 
same as for starting with an auto-starter. . 






ijii II ill.. , 

































































































































ASEA-TOURNAL 


t’l|^ & Molar gcoctolor. 


If the angular velocity 
of the rotor at a given 
instant during starting is 
to, the moment of inertia 
of the rotor J, and the 
torque acting dh the rotor 
M, we have the following 
equation 

"“■Is 

from which 

uttm — f it fora) ”*0. 

Putting « = ^ we obtain 
and from this 

^ Me 

a-j-j 

if c -■ 0 for 0, i.e. the 
conductors in the stator 
phase are assumed to lie 
midway between the pole-shoes at standstill. 
Wth this value of a used in the expression 
for current we obtain 

/tatt. = V 2 /-««(1 + « cos py • ~) cos tnvyi 

For Vj, >= 50 cycles, amplitude values of the 
current are obtained by putting t, in the above 
expression, - 0, O. 01 , 0.<«, etc. In this way, with 
given values for x, p, M and J, the variation 
in the current is calculated up to half the syn¬ 
chronous speed (above this speed the torque 
is not constant). The result is indicated in fig. 5. 
For the sake of simplicity parallel verHcal lines 
have been drawn in the figure instead of a 
continuous sine curve; in the actual oscillogram 
one can only distinguish straight lines on account 
of the abbreviated time scale, 

The calculated curve shows the same charac¬ 
teristic appearance as the corresponding pact of 
the oscillogram. The appearance of the curve, 
of course, depends on the position which the 
stator pliase takes up from the start in telaHon 
to the poles, but the character is always the 
same. In the neighbourhood of n — O, the amp¬ 
litude curve is practically of sine form. Certain 
speeds are particularly marked, e.g. one fourth 
and one half of synchronous speed. These and 
certain other speeds can always be recognised 
in an oscillogram of starting current. By co¬ 
unting the maxima In the oscillogram we can, 
knowing the frequency of the current, determine 
tfirtime in which a certain speed is reached, and 
from this, if tbfc moment of Inertia of Ac fotor 
is known, the torque developed caii be calculated. 



500 k\V, .SCO comtitlnit of lelNlarlinfi syachconowi wolor, 

DC |teii«riiloc and ejedler. 

In calculating the variation of the current wc 
have neglected the transient phenomena which 
actually occur when Ae switch is closed, but 
which only cau.se slight peaks and lack prao 
tical importance. Besides this we have assumed 
that the current, as It proceeds, varies about 
a constant mean value. Actually Ae cur^t 
falls as the speed increases, so that the elrec- 
tive mean value of the current for Ac whole 
starting period, is less than Ac current at the 
commencement of the start. MC^hen the starting 
current of the motor is given, Ais always 
refers to the mean value of the currents 
in all three phases, which can be read on 
ammeters connected in them, an instant or so 
after closing the switch. At the actual histant 
of closing Ac hands of Ac .nmmeters commonly 
oscillate so violently that Jt is difficult to take 
any definite reading. 

When the stator winding is switched over 
to full voltage, there is a sudden kick iti 
the current but Ais also is not of practical 
importonce, after which Ae current takes up 
a value corresponding to the magnetisation of 
the motor. 

Fig. 4 Aows a curve of torque during 
starting. (The oscillogram again gives a current 
proportional at every instant to the torque, Ae 
relatively slow rise of Ae curve from zero up 
to the constant value, depending on the lime 
constant of the oscillograph circuit. The serrations 
in the curve are due to harmonics in the current 
and are not derived from variations in the 
torque). Up to half synchronous speed the 
torque is practically constant, “ the starting 







Fig. 7. Frequency changer. 500 kVA, 600 r.p.m.. 40/50 cycles, consisting of self-starting synchronous motor, synchronous generator ninl exciter. 


torque. At half synchronous speed the torque 
falls off, partly on account of the single phase 
action of the field winding, and partly because 
the rotor, having salient poles, gives rise to a 
certain single-phase action caused by the eddy 
currents in the rotor iron. After this the torque 
slowly increases up to the neighbourhood of 
synchronism, after which it falls off and becomes 
zero at full synchronous speed. When the slip is 
small enough to allow synchronism to take 
place, the rotor pulls into step, possibly after 
a few small oscillations. 

The starting factor, i.e. the relation between 
the starting torque in % of the normal torque, 
and the starting current in % of the normal 
current is approximately 0.15 to 0.2. By starting 
torque we here understand useful torque over 
the starting friction torque of the motor; the 
normal torque is referred to full kVA and 
over excitation to cos (p = 0.9. With series- 
parallel connection the starting current, as we 
have said, is approximately equal to the full 
load current, and the starting torque is ac¬ 
cordingly about 15 or 20 ^ of the full load 
torque. If an auto-starter is used the starting 
current can commonly be reduced to a con¬ 
siderably lower value than the full load value, 
if the motor is to start at no-load; on the other 
hand it is also possible to increase the starting 
torque when desired, provided a corresponding 
increase in the starting current can be allowed. 
The starting factor is naturally the same whether an 
autostarter or reconnectable stator winding is used. 

The low value of the starting torque in rela¬ 


tion to the starting current is due to the fact 
that the power factor is low, commonly about 
0.3. If the supply system to which the motor 
is connected is at all large however, the sudden 
throwing on of a load corresponding approxi¬ 
mately to the kVA capacity of the motor at 
low power factor will not cause any inconvenience. 

As regards the field of use of the ordinary 
synchronous motor, where arrangements for self 
starting may be used with advantage, we can 
first refer to synchronous motors for power 
factor correction only and to motor generators and 
frequency changers, driven by motors of this type. 
For such service the starting torque of the self 
starting synchronous motor is fully sufficient. Ihe 
starting characteristics of the motor are best uti¬ 
lised if the starting conditions are such that the 
greatest starting torque is required at the com¬ 
mencement of the start, since the motor developes 
the greater torque in the fir.st part of the starting 
period. If increased torque at increased speed 
is desired the self starting synchronous motor 
is less suitable. In such cases, and in general 
when high starting torqties are required, special 
constructions must be taken in hand. 

In the last few years the question of improve¬ 
ment of power factor on AC systems has become 
very acute, and synchronous motors are being 
largely used on this account. Asea has con.structed 
a very large number of synchronous motors for 
various purposes and those turned out during the 
last ten years or so have mostly been arranged 
for self starting by one or another of the methods 
which we have described above. 
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THE MAGNETISING CURRENT OF TRANSFORMERS. 


The deformation caused, by the variable per¬ 
meability of the iron, in the curve of magnetising 
current of a transformer, is of great importance 
in a three-phase network due to the fact that, 
with voltages of sine wave form, the sum of the 
currents in the three phases is not zero, and an 
unbalanced current component arises. If the 
transformer is Y-connected this current cannot 
exist if there is no neutral lead but, in that 
case, the sum of the phase voltages differs from 
zero instead, so that the neutral point has a 
certain voltage to earth. If the current or 
voltage — is resolved into fundamental and 
harmonics, it is easily seen that in a symmetrical 
three-phase system, it is the harmonics whose 
order is divisible by three which give rise to 
neutral point currents or voltages respectivly, 
since they are in phase with each other in all 
three phases. It also follows from this that with 
z/-connection^ these harmonics disappear in the 
line voltages and line currents respectivly. Re¬ 
maining harmonics, on the other hand, generate 
symmetrical three-phase systems in the same way 
as the Wdamental, For harmonics of the order 
3 m 4- 1, where m is an even number, (7, 13 
etc.) the direction of rotation is the same as 
that of the fundamental, while for harmonics 
of the order 3 m -1 (5, 11 etc.) it is opposite 
to that of the fundamental. From this it is 
easily shown that the position of these harmonics 
in relation to the fundamental of the line vol¬ 
tages is opposite to their position in the phase 
voltages, so that the waveforms of the phase 
voltage and line voltage can be materially different, 
although containing exactly the same harmonics. 

The chief interest attaches to the unbalanced 
currents, i. e. to the harmonics of orders divi¬ 
sible by three. Of these we are mainly concerned 
with the third although the ninth can also some¬ 
times be of importance. The harmonics are greater, 
the higher the saturation, and are besides more 
pronounced for alloy sheet than for common 
dynamo sheet, on account of the sharper knee 
in the magnetisation curve of the former. This 
effect is very different in transformers of diffe¬ 
rent kinds and with different arrangements of 
connections. In the following some of the prin¬ 
cipal types and schemes of connection will be 
investigated. 

1, Single Phase Transformers. 

With a Y/Y-connected group of 3 single-phase 
transformers with low tension neutral connected 
direct with the neutral point of the generator, 
it will be clear that the impressed phase.volt¬ 
ages will be of pure sine form provided that 


the generator voltage contains no harmonics. 
The necessary magnetising current can then be 
easily determined from the saturation curve 
of the iron and subjected to harmonic analysis. 



Fig. 1. 

The result of such an analysis on the transformer 
sheet now used by Asea is given in fig. 1 which 
shows the fundamental and third harmonic as a 
function of the maximum induction. If instead 
the transformer group has its primary ^-connected 
the behaviour is identical but in this case the 
third harmonic does not occur in the connec¬ 
tions between the generator and the transfor¬ 
mers, but flows as a circulating current in the 
transformers. As far as the generator is concerned 
there is thus a considerable difference between 
these methods of connection, since with Y- 
connection the generator must supply the third 
harmonic current, while with ^/-connection this 
is not the case. Disregarding the effect of the 
reactance of the transformer, which will be more 
closely investigated later, it is clearly a matter 
of indifference which of the windings is J- 
connected. If both windings are //-coniiected 
the third harmonic circulating current will divide 
itself between the two windings. 

The conditions are altogether different in a 
Y/Y-connected transformer group without neutral 
point connection. In this case the impressed line 
voltages are of pure sine form, from 'which it 





follows that the pliase voltages cannot contain 
any other harmonics than those whose orders 
divisible by 3. On the other hand the sum 
of the currents must be zero, and the currents 
accordingly cannot contiin these Iiarmonics, but 
only harmonics whose orders arc not divisible 
|>y that is chiefly the fifth and seventh. Lilje* 
blad has calculated the wave forms of voltage 
and current with this connection for a special 
use. (A^as Cgen Tidning March 1918t page 35). 
In the following an exact graphial me&od is 
Formulated for their estimation. 

Since the applied line voltages form a symmet¬ 
rical three-phase system, this miwt also be the 
we with the corresponding inductions B.—K, 
■”* H ‘ eliminating time we can 

wily find from this, if B, is the maximum 
induction corresponding to the fundamental, 

which equation If B,-B, and B,-B, ate consi- 
deted as variables, represents an ellipse. From 
the saMration airve we can ascertain fiirther, 
tor different values of B„ another conneefion 
between these variables, and if this connection 
is shown graphically together with the ellipse 
we thus obtain B,-B, or Bj-B, from the 
points of intersection between the ellipse and 
the other curves as a function of B,. Since 


B, Bf and Bn Bg are known sine functions* 
we acwrdingly obtain B, as a function of the 
Mme. The curves referred to ate obtained in the 
following manner. A certain value of B. corres¬ 
ponds to a certain value of the magnetising 
current i, and since due to Y^connection the 
wm of the currents is zero, to the sum 
rrom the saturation curve we can now easily 
obtain the value of B, and B, for which the 
sum fi+i, is given. By subtracting the v.ilue 
takm fw B, we thus obtain B,—Bg as a fimctlon 
of Bg—B, for this value of Bg, In fig. 2 a series 
of such curves are given for Asea’s stand.ird 
transformw sheet with ellipses corresponding to 
B,-10,000, 14,000 and 18,000. The B-curves 
thus obtained have been siiMectcd to harmonic 
analysis with the results shown In fig. 3. A 
comparison with actual measurements on a cer¬ 
tain transformer gave the following results: 

12,000 14,000 16,000 



Mwuted value e>, 0.48 , 0.48 O.sr 

Cilculated do. 0.48 0.8* 0.8S 

As the characteristics of the sheet used in this 
temsfonner diner somewhat from that now used 
by Asea, the agreement may be considered venr 
satisfactory. ' 

We have so far assumed that the leakage 
rea^nce of the transformer can be entIrcTy. 

M * ^-connected winding this is 

actumly the case, since by reason of symmetry 
no third harmonic can exist in either line current 
or voltage. If however the transformer is con- 
****!” *• S’ with primary in ^ and secondary 
certain third harmonic arises in the 
secondary phase voltages. As the total flux 
corresponding to the impressed voltage is of 

j"?’ ** magnitude 

2.1 j 1 l “ ™ harmonic is equal to that of the 
mitq harmonic in that part of the flux produced 
by the primary current which does not act 
inductively on the secondary winding. This flux, 

T, rt **** ll** primary leakage flux. Is 
chiefly propagated through the air and can 
therefore be assumed to be proportional to tlie 
current, and equal to s • /. where s is the pri¬ 
mary leakage Inductance. The third harmonic in 
e voltage is accordingly equal to 3 w «/„ where 
I, is the third harmonic in the magnetising 
rarreut, Putting the magnetising current of the 
transforms equal to p* /„ where /, is the normal 
ramnt of the transformer, and the primary 
eakage reactance voltage m sf„^pg • e, where 
« is the normal voltage of the transformer, 
and Istly the ratio of the third harmonic to 
the total magnetising current roual to k, we 
obtrin the third harmonic in die volfage 
* maximum induction of 
14,000, in accordance with fig. 1 k-./^i;-0.«4. 


^ 2 . 


If therefore the magnetising current of the 
transformer is, for example, 5^ and the primary 
leakage reactance 5^ then the third harmonic- 
0.»)^ of the phase voltage of the transformer. 

If the secondary neutral point of the transfoniicr 
is earthed, a cAtain third liatmonic current can 
also exist in the secondary winding tlirough the 
transformer's load impedance and neutral point 
connection. In calculating the eff^t of this 
current we can approximately regard the reactance 
of the secondary circuit as connected in parallei 
with the primary reactance. 

If the transformer is Y/Y-connected with the 
neutral point earthed, the third harmonic current 
can only find a path through the capacity of the 
line or through the load to the extent that this is 
earthed. A calculation of the currents and voltages 
arising In this way is very Involved, but an estimi^ 
of the general nature of the phenomenon can Im 
reached by the following approximate method. 

As stated jJjove with Y-connectlon a «rtaln 
third harmonic is caused In the voltage. If now 
the neutral points of generator and transformer 
are connected together this third harmonic voltage 
dlsappeaw, If the leakage reactance Is mglected, 
and a third harmonic current is caused 
It would thus seem reasonable to regard tIUs 
current as caused by an electro motive force in 
the transformer equal to the voltage arising with 
Y conncction, which acts across a certain Internal 
reactance, equal to the ratio of that voltage to 
the current arising with the neutral connected 
together. Taking Into account the leakage reactan^ 
of the transformer or the Impedances existing in 
the external circuit, these arc regarded as exten^ 
impedances which are connected in series wuh 
the internal reactance of the transformer, pie 
remaining Uiird harmonic in the voltage is then 
the voltage absorbed in these external impedances. 
If both primary and secondary windings are so 
connected that a third harmonic current can 
occur in them we may regard these two cireuits 
as connected in parallel and in series with the 
fictitious internal inductance. It is ewy to sec 
that this method gives the same result as dop 
the more special method of calculation previously 
given in the cases where the latter Is applicable. 
If the transformer is ^-connected and the leakage 
reactance is small, the third harmoric current 
arising is. In accordance with this method, practi¬ 
cally equal to the third harmonic in the mame- 
tising current with a sine voltage wave, and It 
follows that the voltage absorbed in the leakage 
reactance is equal to the voltage drop caused 
by this harmonic current. For mo« wneral 
case's the method can hardly be controlled other¬ 
wise than experimentally. • • 

From the above It will be seen that In making 


these calculations it is necessary to divide the 
reactance of the transformer Into a primary ^d. 
a secondary reactance defined in such a way that 
the primary reactance corresponds to that part of 
the flux generated by the primary current, which 
docs not act inductively on the secondary winding, 
whereby the secondary current ran be taken to 
be zero. A corresponding definition applies to 
the secondary reactance. With only one winding 
.^-connected it Is clear that the most complete 
compensation of the third harmonic is obtain^ 
if thjit winding is /iZ-connected which has the 
least reactance. Such a division of the reactance 
is not permitted by the commonly used reactance 
formulae, which arc based on the resulting flux 
generated when both windings arc traversed by 
the same current, and would in addition be 
very difficult to carry out with any exactness. 
By regarding some special transformer types we 
can arrive at some Idea as to the way in which 
the reaclance should be divided In the two win- 
dings. For a transformer with a core of ring 
shape, such as is sometimes employed for current 
transformers, and having one winding 
distributed on the core all the flux caused by 
tlic current through this winding also actpnduc- 
tlvely on the oflicr winding, f. «. the leakage 
reactance of the inner winding is in this case 
zero. This would be the case for an ordinary 
transformer if the yoke were spread out Into a 
plane at the ends of the windings and if the 
windings were carried right up to this pl«in^ 
In this case of course all the flux lines excited 
by the inner winding would pass through tljis 
winding and complete their circuit through the 
yoke, so that they would all act inductively on 
the outer winding also, • From this it follows 
that in an ordinary transformer the .reactance 


TMnf harmonic In voltage and ffwewlih Yconnection. 
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. ■ '-A of the Inner winding is 

• § * S due exclusively to end 

5 J effects, and as these end 

I effects can be neglected 
til ordinary .reactance 
calculations with good 
results it is to be expected that the reactance of 
the inner winding is small in comparison with 
that of the outer winding. In general accordingly 
the best possible results will be obtained by 
^•connecting the Inner winding, Le. in the 
majority of transformers tlie low tension winding. 

As mentioned before, the remaining third 
harmonic is very considerably affected by reso¬ 
nance phenomena, between the transformer and 
the line supplied by it. Applying the approxi¬ 
mate method of calculation described to this 
problem we obtain an equivalent scheme of 
connections to that shown in (ig. 4. It is seen 
from this that if the transformer has .^/-connected 
primary and Y-connected secondary with earthed 
neutral point, resonance occurs when the leakage 
reactance of the transformer is in resonance with 
the capacity of the line. With resonance the 
external reactance becomes infinitely great, the 
resulting third harmonic current becomes zero, 
and the resulting third harmonic voltage is equal 
to the voltage which arises witit Y-connection 
without earthed neutral. If on the other hand 
the transformer has Y-connected primary with¬ 
out neutral connection, resonance occurs when 
the above defined fictitious reactance is in reso¬ 
nance with the line capacity. Since this reactance 
is always considerably greater than the leakage 
reactance of the transtormer, resonance takes 

f dace in this case with a considerably shorter 
itie. The following nitmerical example may assist 
in explaining these conditions. 

Consider a transformer group of 5,000 kVA, 
50 kV, 50 periods to have SjK no-load current 
and 5^ short circuit voltage, corresponding to 
a no-load reactance A*,-10,000 ohms and a 
short circuit reactance .X*-25 ohms. Assuming 
the flux density is* 14,000 the fictitious internal 
inductance is 0.3 m times the no-load inductance, 
or *0.394 Ao^ll,800 ohms. The leakage 
reactance to the third harmonic is 
75 ohms. The no-load capacity of the line to 
the third harmonic is of the magnitude 


Af*“800 cot 


ftL 

1,000 


where L is the length of the line in km. With 
.^•connecHon resonance is obtained when }Ck~Xt, 
which occurs with 1-475 km, and with Y- 
connection when or for 1-22 km. 

Jast case particularly this simple method 
of calculation is not suffidentty exact ror a proper 


analysis of these phenomena, but it shows that 
with Y-connection wc may expect, with rather 
short lines, a considerable indease in the third 
harmonic due to the action of capacity. 


II. 3-phase Core type Tnfasformers, 

In three-phase core type transformers the 
conditions arc very different on account of the 
magnetic coupling between the different phases. 
The third harmonic flux which lies in phase in 
all three legs of the transformer can accordingly 
only complete itself through the air and through 
the transformer tank, and as the magnetic reluc¬ 
tance through this path is very large compared 
with the reluctance of the legs, it may be ex¬ 
pected that only a negligibly small third harmonic 
flux can exist in such transformers. On the other 
hiind as far as the transformer Is concerned these 
fluxes may be of much greater importance than in 
a single-phase transformer on account of the eddy 
current losses caused by them in the transformer 
tank. The phenomenon is further complicated by 
the fact that a 3-phase core transformer is not 
symmetrical as regards its three phases because 
of the necessary magnetising current for the yoke. 

For calculation, deno¬ 
te by 

fi 4 4 ihe magnetising 
currents for the three 
phiises, of which 1 
and 3 denote the 
outer phases, 2 the 
middle phase. 

/i /} If the requisite 
magnetising currents 
for the three legs. 

1*1 ff the requisite magnetising currents for the 
yoke. 

Then according to fig. 5. 


/, + A*-/s-4-4.(0 

4 + ^.-/,-4-4.(2) 




With Y-connection the sum of the currents 
must, further, amount to zero, j. e. 

f, + 4 + 4 “ 0. (3) 

From these equations the currents arc easily 
calculated as follows 


4 -/- 3(4+4+/,)+/'- ^ (F.+F,) 

4-4-i(4-t4-i-4) .(4) 

4-4- 3(/i+4+4)+/'.- 3 (A+Z*,) 

The two first terms represent the magnetising 
current of the legs reduced by the harmonics 







whose orders arc divisible by three, the remain¬ 
ing terras show the distribution o£ the nug- 
netlsing current of the yoke between the three 
phases. It is interesting to establish that In spite 
of Y.connectlon, third harmonics for these rom- 
ponents exist, although as balanced currents. The 
vector diagram for the currents has the appea¬ 
rance shown in Bg. 6. Assuming foe example 
f-O.* /, we obtain for the fundamental and 
harmonics having orders not divisible by three^ 
i.-i.-l.a /, /. /, and i, are rotated 7.9 

from the directions corresponding to thoM ol 
svinmelrical three-phase cuiTcuts. The third har- 
monic in the middle phase is twice as great 
as, and directly opposed to, tire third harmonics 
in the two outer phases. 

With ^.connection or Y-O-connection we cannot 
ignore the possibility of a .field through the ale, 
tot it this is neglected we can add to the wtrents 
with Y-connectlon an arbitrary neutral point 
current equally divided between the three phases 
without any alteration In the field arising, stow 
these currents can only excite a field which is 
completed through the air. We must therefore 
assume that a certain flux in the air, proportional 
to the magneto-motive force between the yokes, 
can exist. Since however this m. m, f. is not 
constant over the whole yoke we Introduce a 
mean value /« of the mi ra* r. at the potots where 
the legs join the yoke and put accordingly 

(c-i-2). /•“I*! ” A+c (f| ” /t)+A ”4.W 

c—2 sliQuld correspond to the condition that 
with uniform ro, m. I. the flux to the air proceed 
uniformly from the yoke. On account of the 
extra surfaces at the ends oE tlic yoke and also 
to the possible effect of the tank, this is not 
exactly the case, but c has a value which is 
probably somewhat less tlian 2. . 

Eauation (5) also makes possible an estimation 
of the air flux with Y-coimcctlon since by 
putting in expression (4) for / we obtain 

_3 /.“A+A+A+f^ (A+fi). 

The m.ro. f. which causes the flux through 
the air accordingly consists partly of a third 
harmonic in the magnetising currents^ of the 
cores, and partly of a proportion of the mag¬ 
netising current for the yoke, which is zero 

With //.connection it is clear that the flux In 
the air and accordingly /. must be zero, since 
the sum of the applied voltages is zero. Equation 
(5) therefore gives the third equation, which 
together with (1) and (2) determines the currents. 
If these ate divided into a balanced component 
ff ‘A* « neutral point current U evenly 


divided between the three phases so that 

+i U etc., the sanie expression is obtained for 

t^ balanced components as for the total currents 
widi Y connection, and 

(I'.+i'J .») 

t e. In cnch phase we must add a current equal 
to the in. nj. f. between the yokes with. Y-connec- 



tion» Assuming as before / and further 

c=2 we obtain A j/.-O.oeri.ThisislSOf* 

out of phase with the magnetising current In 
phase 2 and we obtain /, /. 

and A arc displaced 7.J® nom their symmetrical 

^It can easily be shown that the approxlm^ 
method for the calculation of the effect of the 
external circuit for single phase transformers is 
very accurate for three-phase core type tarns- 
formers. On account of the very small value 
of the neutral point voltages we shall not go 
further into this. The following tests made on 
an air-cooled transformer of older type wlmoul. 
tank give an idea of the voltages whlchcan.be 
expect^ to arise. By exciting all three phases 
in parallel with single-phase current the reactance 
of the tr-insformcr per phase against a flux gotofl 
through the air was found to be 4 .m^ of.lbe 
normal no load reactance. Assuming the Hux 
density to be 14,000 the third harmonic in the 
current, i. e. the m. m. f, to be expected 
the yokes, has a magnitude 0.5 times that of the 

fundamental, and tlius ** *15*^ i fl.w 

through the air is 0 .s*4.7*-2jj^ of the totol flux, 
and the tford harmonic In the voltage is 3 • 2 jt- 
— 7,1^ of the pl»se voltage. 







L Principle of Construction. 

Every bushing is a condenser in which die 
bolt acts as the inner plate, and the supporting 
sleeve as the outer plate. One of the simplest 
types of bushings is the one made of solid paper as 
shown in fig. 1. The sleeve is a thin metal cylinder 
or a thin metal sheet with a shrunk on flange. 
The greatest electrical stresses are at the surface 
of the bolt (radius To), and at the ends of the 
outer metal covering (radius rn). Both of these 
places are made as far as possible airtight and 
embedded in paper, the dielectrical strength of 
which is considerably greater than that of air. 
In calculations for such a bushing the ordinary 
equation for cylindrical condensers is used; 

Let K=the voltage between bolt and flange, 
jE^^the strength of the radial electric field 
inside the cylindrical condenser, 
r -the distance of a given point from the 
axis of the cylinder. 

Then : 



ro 


The strength of the radial field is accordingly 
inversely proportional to the distance from the axis, 



fig- 1. 


and the greatest and least 
stresses are in the same 
ratio as the outer and 
inner radii. A further cha¬ 
racteristic of the bushing 
described is the great alt« 
eration which takes place 
in the strength of the 
tangential field, along the 
length of the insulator 
surface between the bolt 
and the supporting flange. 
The particularly strong 
field concentration at the 
ends of the metal covering, 
and the correspondinghigh 
tangential field strength 
reduces the flash over 
voltage for this type, and 
this determines the eco¬ 
nomic voltage limit for 
this construction, which 
lies at a flash-over voltage 
of about 200 kV, 

From the arrangement 
shown in fig. 1, a »con- 
denser bushings is devel¬ 
oped (fig. 2) if one or 


more tinfoil layers, in general n—1, are placed 
between the bolt and the outer supporting 
covering. The bushing then consists of n cylind¬ 
rical condensers in series having radii r,, and i\ 
and and r,,-^ and r„, and 

lengths 4, 4 ..., 4>- The designer must aim 

at making this distribution, so that, by the use 
of the least possible material, the best possible 
distribution of the radial and axial components 
of the electrical field is obtained. In order to 
accomplish this it is necessary to have the closest 
knowledge of the properties of the materials 
used and the methods employed in manufacture. 

II. Physical and Chemical Properties of Bakelite 
Papevy and the Methods of Manufacture 
necessary in Us use. 

The material used for condenser bushings is 
bakelite paper i. e. paper wich Lis been coated 
with synthetic resin. Synthetic resins are con¬ 
densation products of phenol and formaldehyde. 
They were introduced into the electrical industry 
in 1909 by Bakeland under the name of bakelite. 
According to Bakeland, bakelite occurs in three 
different grades, viz: as the primary product A, 
the intermediate product B 
and the final product C. 

Bakelite A is easily"melted, 
and is soluble in alcohol. By 
heating, it is transformed in 
giving off water into bake¬ 
lite B which is insoluble and 
can be softened by heating, 
but which does not melt. 

By continued heating bakelite 
B changes into the stable 
final, product C. Unlike 
shellac this cannot be melted 
or softened. It is further 
insoluble even in alkaline sol¬ 
vents, is non-hogroscopic,and 
is not affected by dilute acids. 

Besides this, bakelite C is a 
valuable heat-resisting insu¬ 
lating material, which is not 
charred before a temperature 
of 300° C is reached, and 
then does not burn. 

For the production of 
bakelite paper, bakelite A is 
dissolved in alcohol, and 
brushed on to the paper, 
which is afterwards slowly 
dri&d. As the paper is not 
adhesive when it is cold, 



Fig. 2 . 
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it can be made into rolls and stored in this 
manner. The insulators themselves are, how¬ 
ever, made by winding the paper from small 
rolls about 6 cm wide, and are wound spirally 
with a narrow overlap, or alternativly from 
rolls having a breadth equal to the total length 
of the insulator, which is then wound cylindri- 
cally on the bolt. The first method is used by 
Asea for long insulators, and the last method 
for short ones. In both cases the rolls are 
submitted to a further thorough drying process 
before being placed in the winding machine. 
During winding the stretched paper is pressed 
by heated rolls on to the core, so that the 
bakelite softens into a tough india-rubber like 
substance, and the remains of the solvent as 
well as any water present is evaporated. At 
the same time it is advantageous to have the 
greatest possible tension on the paper, and this 
makes it necessary to use paper which is of a 
very high quality. The paper employed by Asea 
in the unimpregnated state has a tensile strength 
of about 30 kgs on the width, the thickness 
being 0.07 mm. 

After the rolling procedure the insulator is 
baked in a vacuum oven at about 115° C and 
dried in vacuum for from one to two days, so 
that the bakelite is changed into the final 
product Ch As this change when taking place at 
atmospheric pressure, or lower, gives rise 
to gas formation, many firms carry out 
the baking under a pressure of from 8 
to 12 atmospheres which impedes the 
formation of blisters. After comparison 
with the foreign product the vacuum 
process has been found by Asea to be 
at least as good as the pressure process, 
at any rate when the Asea patent mica- 
nite interleaving is used, the elasticity of 
which considerably eases the escape of 
the gas formed. Possibly also there is, 
in spite of the vacuum outside, a suffi¬ 
ciently high pressure on the inside due 
to the shrinking of the paper. In any 
case experience indicates that the use of 
the vacuum process is an advantage since 
the quality of the condenser bushing 
depends to the greatest extent on the 
dielectric losses, which are influenced by 
the moisture remaining more than by any 
other factor, and the vacuum process is 
the best drying process known. How 
far improvement in bushings can be ob¬ 
tained by a combination of the pressure 
and vacuum processes it has been, at 
present, impossible to determine with 
certainty. 

After drying and baking the insulator 


must be protected against damp. The synthetic 
resin is not hygroscopic, but the paper absorbs 
moisture By careful varnishing the resistance of 
the finished insulator to damp can be made 
very considerable. The absorbtion of moisture 
is also limited to the outer layer, and can be 
driven off again by drying with hot air. The 
protection given by varnish is accordingly suffi¬ 
cient for the oil side of the transformer bushings. 
For the side which is in the air it is best to 
protect the insulator with a porcelain cover, so 
that the bushing can be run in airtight with a 
cable compound having high electrical properties. 
When an insulator is to be used in the open 
air, this method of protection is absolutely 
necessary (fig, 3). 

III. The Electrical Properties of Bakelite Paper 
and the Limits imposed by these as regards 
large Condenser Bushings. 

The calculation of condenser bushings is gov¬ 
erned by two points of view; regard to the 
dielectric strength of the bakelite paper, and to 
the dielectric losses. 

When speaking of dielectric strength we mean 
something entirely different from that break¬ 
down voltage, which can be determined in the 
laboratory on paper tubes of small thickness. 
These laboratory values are of no use 
for dimensioning and testing of condenser 
bushings. For every cylindrical con¬ 
denser, in a condenser bushing one must 
deal also with the electrical field at 
the edges of the cylinders (the tinfoil 
layers). With a given radial field strength, 

Z —== X 2) this field con- 

centration is proportional to the square 
root of the thickness of the layer Q/^)- 
The larger the number of separate con¬ 
densers the smaller the field concentration 
becomes. Partly for this reason, and partly 
for reasons of simplicity in manufacture, 
all these layers are made by Asea with 
a constant thickness = const. = 3 or 
3.5 mm which has been shown to be a 
sufficiently small value. Only the outer 
layers are made of less thickness ( 2.5 or 
3 mm) as in this position the strength 
of the radial field can, without disad¬ 
vantage, be allowed to have a considerably 
higher value than the field strength at 
the middle (Cf. Sect. I), If we keep 
increasing the field strength between adja¬ 
cent tinfoil layers a point is reached 
finally when brush discharge occurs on 



Fig. 3, 





account of a too great con¬ 
centration of field at the tinfoil 
edges» which arc never entirely 
free from the presence of gas. 
^hc limiting voltage for this 
phenomenon is of course higher 
the tighter the bushing has 
(f been wound. It seems however 
that it can never be entirely 
avoided. The discharge gives 
rise to a slow but still sure 
deterioration of the material and 
this must at all costs be over¬ 
come. Regard for this point 
accordingly limits the radial field 
strength and it has been found 
most suitable not to have this 
higher than 30 kV/cin. With 
Asea's standard design the ave¬ 
rage field strength is about 18 
IcvVcin or less with normal 
working voltage (line voltage) 
so. that brush discharge need 
not be feared even If the bushing Is not'parti¬ 
cularly tightly wound. 

Brush discharge is stronger, with a given 
radial strength, toe higher the axial mean field 

y 

strength is made is the height of 



step in accordance with fig. 2). In addition the 
dielectric strength in the direction of the layer 
is much less than it is at right angles thereto. 
It appears as if the gases enclosed TOtween two 
layers can be ionised comparativiy easily by a 
strong voltage drop in this direction so that an 
insulator in which the axial field strcitgth is too 
high wjjl Oash over, not in the air outside the 
insulator body, but in the insulator body itself 
along the ionised layer. To prevent such internal 
flash over even when the winding is not per¬ 
fectly tight the strongest axial field strength in 
standard Asea bushings is limited to about 6 
kV/cm with the pressure applied when testing 
for flash-over. 

While limitations just indicated are not as¬ 
sociated in any way with the material used there 
is another constant, depending on the material, 
which exercises a most important effect on the 
breakdown strength of a condenser bushing, 
namely the dielectric losses, The fact that near^ 
all.the breakdowns- occurring in practice are 
the result of overheating in the insulating material 
appears to be qui.te. recently recognized abroad. 
(Cf. K. W.. Wagner's much observed publication: 
The physical nature pf the electrical breakdown 
o.f solid dielectrics. Transactions of theA.I.E.E. 
1922, vol. 41). 


In Asea the knowledge of these characteristics 
is relativiy old. The occumirce of insulation 
hiilure led to a preliminary theoretical investiga¬ 
tion of the breakdown limit and a continuous 
testing of dielectric losses experimentally. For 
several years back no insulators have left the 
high-tension shops at Ludvika without having 
undergone test for lo.sses, and to our knowledge 
no breakdowns at all have occurred among the 
insulators tested in this way. During the same 
period research has gone on continuously, and 
with the best results, with a view to making 
bakelite paper better and cheaper. 

The reason that the dielectric losses are so 
dangerous to the life of paper bushings lies 
in two characteristics of the material. The first 
is the rapid incrca.se in the losses with rising 
temperature (especially with the high oil tem¬ 
peratures which arise in selfcoolcd transformers) 
and fhe second Is the poor heat conductivity 
of bakelite paper. A mathematic^ investiption 
will show us what important connections iollow 
from this. 

Assume that we are testing a flat sheet of. 
pressed bakelite paper between tinfoil electrodes 
in a warm oil bath. The surfaces of the electrodes 
are so great in comparison with the thickness 
of the sheet that over a large area the conductiPn 
of heat takes place practically at right-angles to 
the surface of the sheet (x direction). Further 
we have (fig. 4); 

^ ®C the temperature of the electrodes 
which, as a first approximation, 
can be taken to be the same as 
the temperature of the oil bath, and 

°C the max. temperature in the mid¬ 
plane of the sheet, 

2- . — the coefficient of conductivity of 

ciir C/cm material of the sheet, 

p —r the losses with a certain fi^eld 

cm’ y 

strength kV/cm and a certain 
temperature -9- 

— wdtts 

p —j- the losses for the surface layer 

immediately under the electrodes, 

ihe important function which gives 
the growth of the- losses with the 
^ temperature. 

Thed>{We obtain the equation for heat distri¬ 
bution when stable conditions have been reached 

♦ 

^0+p-9^(^)-Q...,...(2) 
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This equation can be generally integrated and 
gives for the max. temperature as a function 
of the thickness of plate ^ the implicit equation 


V/0^0,5)-1/2 



From this equation we are able to read 3 
important results: 

1) Sheets of arbitrary thicl^css ^ and with 
the same surface temperature i*A have the same 
highest temperature provided that they agree 
in the »cbaracteristic temperature* 


It can be shown tha^the function tp 
has a maximum VW. G'O a certain highest 
temperature for a given surface temperature, 
provided that <he function increwes continuo¬ 
usly as the temperature increases. The meaning 
of this is as follows: If a stable temperature 
distribution is to be obtained inside the sheet, 
the Interior temperature must never exceed 
In other cases no state of heat equilibrium is 
possible, but the temperature of the sheet will 
Increase until it breaks down. Having regard 
to this new result we put: 




This is the greatest thickness of sheet with which 
stable conditions can be obtained, jgiven a surface 
temperature and a_lo8s figure p. 

3) The loss figure p can be cxpre.ssed in terms 

of the field strength £-j, e. g. by on expo¬ 
nential law 

p-x(^)E"~z(5)-y;. (6) 


Inserting this In equation (5) we obtain: 

.(7) 

( 5 ) . ( 7 «) 

We have thus established ihe law by which the 
breakdown voltage increases with the thickness 
of the sheet, a law which, in spite of fts great 
practical Importance, seems to be bithertoo 
unknown. 

'V^e are obliged, from considerations of space, 
to refrain from a general discussion of equations 
7 gtt<t 7a and confine ourselvte to what is im¬ 


portant for the understanding of condenser type 
bushings. In this respect interest is concentrated 
bn the one question: Have the material constants 
n; 2, V' and % such values that can be less 
than any of the voltages at present in use? 

As far as the first coefficient n is concerned, 
condenser bushings are worked at such low field 
strengtlis that the losses can be taken as pro¬ 
portional to the square of the field strength. 
But for n-2 the thickness of layer disappears 
in equation 7. If therefore P^mnt is a limiting 
voltage for bushings this may not be raised 
(with a given outer temperature) by enlarging a 
bushing which is to scantily designed, uniformly 
in all parts. Certainly the field strength and losses 
are thereby reduced; but the simultaneous re¬ 
duction in the heat conduction discounts this 
advantage. The only difference is that the lar«r 
bushing resists the same voltage for a somewhat 
longer time than the smaller one. The highest 
possible working voltege is therefore a function, 
not of the dimensions, but of the external tem¬ 
perature and the quality of the material. 

We now introduce into the calculation the 
characteristics for a good quali^ bakcllte paper 
and at the same time alter equation 7 established 
for sheets, so as to give it the correct constents 
for the cylindrical problem of condenser bushings. 
We then obtain (for n — 2) 

y - „;]/ IOOi(glOy .(8) 

_ll>|f |(x,p . joo,. ^ ' 

the increase in the losses with the temperature 
being expressed in the following manner: 

Putting now for insulators In oil at 80^: 
p^O.C02» walt/cm* 
for E -20 kV/cm, 

{£ and Z can actually be less provided the 
ratio E*/p is maintained constant), and further 
y~0.ms 1/“C 
, - watt 

4-0.C0I6S-5^ 


we obtain: __ 

1 15 ] /.^ *** * 126 kV. 

y 0:20 • 2.1J 

With earthed neutral this corresponds to a 
line pressure of 220 kV, which is certainly a 
very high voltage, but it must be remembered 
that we have made use of material constants 
which represent exceedingly good material and 
workmanship. Wc sec how important it is in 
every case to reduce the loss figure and temp- 
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erature coefficient of the material used. A.sea's 
patented method of Inlaying mica has shown 
itself to be a very good means of accomplishing 
this. Mica has very small specific losses and low 
temperature coefficient. The.se mica layers, and 
other iiuiovations in construction, as well as a 
.continuous check on the losses now enable A$ea 
to supply condenser bushings, both for leading 
through wall insulators and for transformer 
terminals in contact with hot oil, for working 
voltage^ up to double the limiting pressure 
calculated above. 

IV. The atkulafion of condenser bushings. 

Mathematical treatments are sometimes found 
in technical literature for the most favourable 
diinensioning of condenser bushings without the 
slightest reference to the very great importance 
of the properties of the materials. Such articles 
only shoyr that their authors do not know 
where-the real difficulties lie. If we keep within 
die limits given above for the radial and axial 
field strengths,. then, with good materials and 
good lyorkmanship. good bushings will always 
be obtained,; We shall accordingly not give 
any actual designing , rules but only subjoin 
some remarks regarding' the flash-over voltage 
of our rihsulatbrs, .- 

Asea's condenser bushings are so designed that 
in the dry state they-flash-over at the end in 
the air, at some distance ,&om the insulator 
surface, without any previous brush discharge 


or running sparks. This is attained by embedding 
the edges of the tinfoil (at the air end) in paper 
or compound, and the use of a uniformly low 
tangential field stress on the air side. It was 
previously thought that the axial field strength 
should be kept constant along ^he whole flash- 
over path in order to obtain the highest possible 
flash-over pressure and the shortest possible 
bushing. On the oil side this is unquestionably 
to be advised. On the air side wc only obtain 
an advantage if at the same time we provide 
the fixing flange of the bushing with corners 
of very large radius and also make these flanges 
very big. Investigation has however shown mis 
to be uneconomical. But as flajih-over with 
ordinary end flanges is always prefaced by 
breakdown of the air at the flange, there is no 
object in working with a constant axial field 
strength, if it is found that variable field strength 
gives more favourable dimensions for thebushingt 
Asea accordingly keep's the radipl field strengm 
as far as po^ible constant without exceeding 
the limits already given for the axial field strcngtli* 
and in this way obtains bushings with minimum 
length and minimum losses, The Aiish-over 
pressuK of these bushings, commonly lies from 
10 to 20 kV. above the .value' permitted by the 
Swedish standard rules. The length of .their flash 
over path L (see fig." 2) is approx'imafely 

1 = 0 . 69 .^ 

where' 1^ denotes the line voltage. 


FRONT PAGE. 


On the front p.-igc of this number wc lliustr.itc the 
mlwior of the Norwegian State Power Station of Glom* 
nord» oifc of the most northerly large power stations 
^ the world. This station * is just a&>vc the Arctic 
Circle in Northj^ ficigcland, at the head of one of 
the Norwegten fiords onthc Atlantic coast The water- 
power is obtained from a river, which is chiefly fed 
by; rainfall, m the glacier Svartisen. At the ur«ent 
time about 80,000 h.p. have been uHlis^. The station 
^'"Picted in f9l9, and. was-equipped by Asea 
wim two three-phase generators, each of 22,000 kVA 
at jOO r.p.m., 25 cycles and 15,000 volts, together with 
complete switcher etc. Three years later a furtlicr 
generator was supplied, which was generally of thcs«imc 
type, but designed for an utput ol 24,000 kVA. 

These generators are .among the largest: which have 
been supplied in Eutope. for dlttct coupling to water 
turbines As the lllusteatlon shows/ they arc totally 
cnclo^ tnachine& and ace placed with their shafts 
longitudinally in the machine rooin; The external di¬ 


mensions of the machines arc of. course noteworthy. 
The stator diameter* externally is 6.7 metres, the axial 
length from the coupling fbhge to the end of the exciter 
Is 7:4 metres, ahd the bmdth over the stator feet 
$.4 inctr^. Each generator weighs approximately 225 
tons, of which the rotating parts account* for about 
95 tons. , . . - - 

Besides their large size, .ih<^c generators, , are inter¬ 
esting on account*. (H the high voltage. This was chosen 
in order tb:do away.with the neccs^ty for transformers 
when transmitting, the power to the neighbouting In¬ 
dustrial district or Haugvik, where a latgc part of the 
encray.Js used. With the 4ixccplion of two medhmi 
sIzccTgenerators for 20,000 volts working pressure which 
Asea constructed about 20 years ago, these gencralors 
arc eloigned for. thc.hlghest\machmc voltage in use in 
^andinavia. Special care was given to the design of 
the stator winding, and' the construction adopted has 
withstood.-all; the stress thrown upon It during the 
time.the machines have been running. .. 


II 


Vesl€r«s 1925, VtsImaoIaiKU AUdumib PrfoHng Co. 
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MECHANICAL STRESSES IN THE WINDINGS OF CORE TYPE 

TRANSFORMERS. 


By far the most common fault in transformer 
windings is the occurrence of a short circuit 
between neighbouring turns of the same winding. 
As such faults obviously occur because the in¬ 
sulation between turns is not able to withstand 
the electrical pressures which arise, it is not to 
be wondered at that excess pressures of more 
or less mystical nature are blamed for the 
trouble. The remedy, it follows, has rightly 
been strengthened turn insulation, and this has 
brought about a decided falling off in the num¬ 
ber of short circuit faults. By critical investi¬ 
gation of the construction of transformers which 
have shown especially high, or low, percen¬ 
tages of breakdowns, and by direct experiments 
we have, however, been able to substantiate: 

that insulation between turns which is free 
from mechanical faults is surprisingly resistant 
to excess pressure waves, 

that insulation between turns protected from 
mechanical damage by suitable forming, or by 
some special method of manufacture, showed 
high reliability as regards short circuit break¬ 
downs, in spite of the relatively weak insulation 
used in accordance with modern practice, 

lastly, transformer windings, unsuitable in the 
mechanical respect, in spite of heavy turn in¬ 
sulation, gave rise to a large number of short 
circuit breakdowns. 

From such observations it may readily be 
concluded that mechanical stresses in transformer 
windings, and not the excess voltages, are res¬ 
ponsible for many short circuit fail- 
f ures. In our view an overwhelming 
number of coil breakdowns are caus- 
I ed primarily by mechanical injury to 
' the insulation between turns; not 

' until the turn insulation becomes 

' weakened through mechanical action 

; does electrical breakdown occur. A 

: strengthening of the insulation be- 

[ tween turns certainly gives increased 

: protection against mechanical damage. 

^ As however the insulating material 

’ used for turn insulation is always 

: more or less fragile in the mechanical 

; respect, and above all as excessive 

; turn insulation makes the provision 

'' of compact and mechanically stable 

coils impossible, it is clear that im¬ 
provement in the safety of trans¬ 
former windings against short circuit breakdowns 
is not to be attained by increasing the insula¬ 
tion only. Precautions must also be taken at the 
same time to prevent, as far as possible, the 



Fig. 1. 


occurrence of dangerous mechanical stresses in 

the windings. , . . 

The intention of this artfcle is to give a 
simple description of the nature and magnitude 
of the mechanical stresses occuring in the wind¬ 
ings of a transformer under unfavourable run¬ 
ning conditions. The treatment is restricted to 
cover core type transformers with concentric 
cylindrical windings only, since transformers ot 
this type greatly predominate at the present 
time. In a core transformer with concentric 
cylindrical windings the two windings are placed 
beside each other along the core as in iig. • 
Apart from the current necessary for magnetis¬ 
ing the core the two windings carry an equally 
large volume of current, in opposite directions, 
corresponding to the load. In the circular m- 
terspace between the windings,^and in the wind¬ 
ings themselves, these currents produce a tlux, 
the load current magnetic flux or leakage flux, 
which is propagated approximately as shown in 
fig 2 Due to the fact that the extent ot the 
windings in the axial direction is considerably 
greater than their extent in the radial direction, 
only a small error is introduced if we assume 
that the leakage flux runs quite axially in ac¬ 


cordance with fig. 3. Ill 

In calculating the voltage drop caused by the 
leakage flux in transformers, the reactance vol¬ 
tage, the formulae used are based on this as¬ 
sumption, namely that the leakage flux runs in 
accordance with fig. 3. Further, in these formulae, 
the reluctance of that part of the leak¬ 
age flux circuit which runs outside the 
windings is also neglected. As cal- \ 
culated values for the reactance volt¬ 
age with a symmetrical arrangement 
of windings, such as we are now 
considering, always show very good 
agreement with the values actually 
measured, it is clear, that the leakage 
lines, which cut the windings in 
accordance with fig. 2, altogether 
represent only a very inconsiderable 
flux. We now examine the mechani¬ 
cal stresses acting on the windings 
which are caused by interaction be¬ 
tween the (leakage) flux existing at 
every part of the winding and the 
currents. The approximate leakage 
flux in accordance with fig. 3 clearly 
only gives mechanical stresses in the radial 
direction which in accordance with well-known 
ruks endeavour to separate the two windings 
from one another. The outer winding is sub- 



Fig. 2, 
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jected to a stress analogously to a 
tube under internal pressure while 
the stress on the inner winding cor¬ 
responds to a tube under external 
pressure. With the above assump¬ 
tion for the calculation of the strength 
of the leakage flux we obtain a flux 
distribution in accordance with fig. 4. 
The maximum flux density occurs 
between the windings and is 




0.4 'Jt N i 


iMg. 3. 


where N is the number of turns in 
the winding, i the maximum current 
strength in amps, in each of the 
windings, and h the height of the windings in 
cms. In the windings themselves the flux den¬ 
sity decreases as a straight line from the inter¬ 
vening space between the windings to a value 
0 at the oppo.^te side. The mean flux density 
for each winding is accordingly half of this 
value and the total radial stress per cm length 
of conductor and cm of winding is 

Ni'H j. 

p ■ 1.02 —- 10 ^ kg. 

These stresses p act in the radial direction on 
a cylindrical coil. The resulting tractive force 
per cm height of winding is 


A P - P 


D 

2 



where D approx, is the mean diameter of the 
winding in question. The total hoop 
stress on the whole winding is thus 

p ^ p ’ D • h 
^ ' 2 

In a certain transformer the total 
number of load amp. turns per wind¬ 
ing is 28,000 eff. amp. with max. 
value 39,600; the height of winding, 
h, is 110 cm. From this is calculated 
H 452 cgs, p 8.30 • 10 -^ kg. 
The hoop stress A P is, for the high 
tension winding, with mean diameter 
57.5 cm 0.24 kg and for the whole 
winding P - 26.2 kg. This stress is 
very small, but is valid only under 
normal working conditions. The short 
circuit voltage of the transformer in 
4 . question is 6 With a symmetrical 
short circuit on full voltage accord¬ 
ingly the symmetrical short circuit current would 
reach 16.7 times tl^ normal value, and the 
mechanical stresses 16.7^ times the normal value. 
Further, haying regard to th5 fact, that under 


unfavourable conditions the short circuit current 
can be unsymmetrical and reach a momentary 
value nearly double the momentary value of 
the symmetrical current, we obtain a theoretical 
maximum value for the total hoop stress in the 
winding reaching nearly 30 tons. The total area 
of copper in the winding, which is subjected 
to a tensile stress of this amount is 16,200 mm^. 
The mean tensile stress in the copper is there¬ 
fore about 1.9 kg/mm^. This value is not ter¬ 
ribly high but can be carried by the copper, 
even if we assume that the turn nearest the 
interspace is subjected to a stress about double 
as great. Conditions are in general less favour¬ 
able the larger the transformer. At present 
however there is no 
fear of such trans¬ 
former sizes coming 
in question, where 
the hoop stresses just 
investigated are so 
great that the wind¬ 
ings themselves are 
riot able to take care 
of them. It is ne¬ 
cessary to stay the 
inner winding ef¬ 
fectively against the 
core, since a trans¬ 
former winding, on 
account of its con¬ 
struction, can easily 
withstand tensile 
stresses but not com¬ 
pressive stresses,(Cf. 
the case of a thin wal¬ 
led tube under inner Fig. 5. 

and outer pressure). 

We have so far only referred to mechanical 
stresses produced by the axially propagated 
leakage flux. The radial components of the flux 
through the windings (fig. 2 ) must however 
give rise to stresses in the axial direction, which 
try to press the windings together about the 
middle. With a symmetrical arrangement of the 
windings these compressive stresses do not give 
rise to any resultant in the windings regarded 
as a whole. No axial stresses are accordingly 
thrown on the coil clamping devices at the ends 
of the windings. The oppositely directed stres¬ 
ses clearly give rise to an axial pressure in the 
winding, which is greatest at the middle of the 
winding and zero at its ends. The stresses over 
the winding vary approximately as shown in 
fig. 5. The curve in this figure is based on 
direct measurement of the radial flux compo¬ 
nents on a test transformer. The pressure in a 
certain part of the winding is clearly obtained 
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as the inr«gral of the mechanical stresses from 
one of the ends of the winding to the part 
considered. For calculation of the strength of 
the inner axial pressure knowledge of the radial 
flux components of the leakage flux 
is required. Taking into account the 
action of the iron core, and several 
other factors', these components can 
only be calculated with the greatest 
difficulty. An estimation of the mag¬ 
nitude of the axial pressure can be 
obtained In another way, although 
the stresses thus calculated are too 
great, 'We can imagine windings in 
accordance with fig. 6 divided in the 
middle and somewhat separated, to 
a distance x. We assume now that, 
with a small value of x in relation 
to the dimensions of the windings, 
the leakaffc flux still runs quite axi¬ 
ally at tlie point of division. The 
reluctance to the leakage flux has 
accordingly increased in the propor 
A + X 


slons of the winding or from the commonly 
given particulars regarding the reactance voltage. 
If the reactance voltage is et X then 


where e is the 
voltage and 


maximum value of the phase 


« »’ I 

n • 


ng. 6 . 


coefficient of self 

induction of the winding is accor dingl y reduced 
in inverse proportion. We now use a proposi¬ 
tion In dectrodynamics. which states that the 
mechanical work done by the electrodynamic 
stresses during a displacement of the circuits is 
equal to the increase In the magnetic energy 
on account of the displacement. Let I be the 
coefficient of self induction of the winding 

with X = 0 and i, ^ ^ ^ • L the correspond¬ 
ing coefficient with x *= x. The increase ut mag- 
nefle energy with an infinitesimally small alte¬ 
ration df X is . 

dW= 

1 dx * 

which according to the proposition just men¬ 
tioned is equal to the work of the outer stres¬ 
ses FdXf accordingly, 

F — — ^ 


with X = 0 


and. therefore 


dx 


2 dx 

__L 

h 


n »* I 


The minus sign indicates that F acts in the 
direction opposed to decreasing x and accordingly 
is a compressive stress. The coefficient of self In¬ 
duction can easily be calculated from the dimen- 


In the transformer before considered et is 6 fi, 

ei per phiise —- 103 VA aind the pcriodl- 

city 50* Wth normal current strength 14*75 kg Is 
obtained for the two windings combined. With 
short circuit on full voltage the maximum stress 
conditions in accordance 
with the foregoing can reach nearly 1,115 times 
mis value, or 16.4 tons. Assuming this stress 
L t between both windings wc thus 

obtain for each 8.2 tons. On account of the nc* 
Hon of the iron core the compressive stresses 
arc however Increased somewhat on the inner 
winding and decreased on the outer. The mag* 
nitude of the compressive stress In the example 
comidered can therefore be put at about 10 tons* 
Wc have so far exclusively imagined windings 
fully symmetrically placed along the core and 
of equal height. If one winding is displaced 
relatively to the other In accordance with fig. 8 a 
it is clear, that the currents In the two windings 
give rise to stress components in the axial di* 
tcction, which cudcAvour 
to further increase the 
want of symmetry, (since 
currents in opposite 
directions repel one 
another). The stresses 
arising in the axial di¬ 
rection on account of 
dissymetry are accord¬ 
ingly transferred direct 
to the end supports and 
clamping devices of the 
windings, As these sup¬ 
ports must be made of 
insulating material and, 
with higher voltages, of 
considerable height, it is 
of importance to reduce 
the stresws transferred 
to them from the wind¬ 
ings to the greatest pos- m. 7 

sible extent. 

Looking now at figs. 8 b and 8 c both wind 
jngs are symmetrically placed along the cor 
b^^ »n of different height. Can axial stresse 
here be transferred to the end ;:lamps? Thi 





windings regatded as a whole are each cleariy 
not subjected to any resultant axial stresses. 
As the windings cannot withstand any tensile 
stress in the axial direction, it is however pos* 
sible, that equal and oppositely directed axial 
stresses can exist in the two halves of the wind¬ 
ings, which are directly transferred to the end 
clamps. 


the total number of amp. turns not coveted is 
denoted by i>i i. In figs. 8 b and c the corres¬ 
ponding stresses, now acting on only half of 
the windings, are 

It is easy to see, that the magnitude of the 



A study of the resulting amp. turn diagram 
for the two windings now makes It easily pos¬ 
sible to judge the direction of the axial stres¬ 
ses, which occur with windings which do not 
cover one another. These resulting amp. turn 
diagrams arc also shown in figs. 8 a, b and c 
If me windings were placed In a closed slot, 
fig. 7, in a large iron mass the resulting amp. 
turns would produce a radial field practically 
in full agreement with the amp. turn diagram. 
Actually the conditions are qualitatively the same 
if quantitatively they arc different. We can as¬ 
sume however, that even under actual conditio^ 
we could reckon with such a slot of breadth b. 
The fluxes set up would then be proportion4 
to the resulting amp. turns shown in the figures. 
The figures show at once,, that in fig. 8 a wind¬ 
ing I is pulled downwards and II upwards; in 
81 I is compressed about the middle, while II 
is; stretched outwards; In fig. 8 c the stresses 
are opposite to those in 8 b. 

Jhe magnitude of the axial stresses is obtained 
euily,. If we remember, that the mean value of 
the field, strength is equal to half the maximum 

^n fig. 8 a accordingly the axial stress is 

^ 10-^ kg. 

whem D is the mean diameter of the windings, 
ni i the max. resulting amp. turns obtained 
%m the aqip. turn diagram; «in all three cases 


axial stresses calculated in the way now indicated 
is proportional to the. area of the amp. turn 
triangles. In cases where the diagram breaks up 
into several triangles, as e.g. in ngs. 8 b and c, 
the maximum stress is proportional to the 
largest triangle. The stresses in figs. 8 b and c 
ace accordingly only a quarter of the stresses 
in fig. 8 a. 

For practical calculations we must nx the 
equivalent slot width b (fig. 7). By comparison 
with more exact methods of calculation, in 
simpler cases, and from mcasuremente carried 
out, it is found that b can be put approxima- 
tely equal to 2.s times the width of dw wind¬ 
ing Itself, Inclusive of the interspace between 
the windings. This value naturally gives only 
quite approximate results but these are always 
on the safe side. . , 

On the assumption that the transformer in 
the foregoing example had unsymmctrically 
placed windings (e.g. by disconnecting part of 
the windings for voltage cemlation) corres¬ 
ponding to 5 of the total number of amp. turns. 
28,000, an axial stress would be obtained in 
normal working witii b*27 cm and2}«5Icm 

• “.ooo)’’ 

• 1.02 ♦ 10'"’= 30 kg. 

On short circuit under theoretically unfavour¬ 
able conditions this stress is increased 1,115 
tiraes^ which gives* a maximum axial stress per 
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winding of not less than 33.5 tons. With the 
arrangement according to figs. 8 b and c the 
stress would be only a quarter of this. 

By use of the resulting amp. turn diagram 
for calculating of axial stresses we obtain, with 
symmetrically placed windings, fully covering 
each other, no stresses. We have however al¬ 
ready seen before that such are actually to be 
found. Superposed upon the axial stresses cal¬ 
culated from the amp. turn diagram clearly the¬ 
refore there are axial compressive stresses cor¬ 
responding to those existing with the symmetri¬ 
cal arrangement. With windings arranged ac¬ 
cording to figs. 8 b and c these ’’normal” axial 
stresses tend to decrease the stresses, which are 
transferred to the winding clamps, but instead 
of this they increase the internal pressure in 
the windings arranged for compression only. 
With the arrangement in fig. 8 a the pressure 
against the end clamps will be correctly esti¬ 
mated, while the internal pressure in the wind- 
ings is still too small. The calculation of the 
distribution of axial stress along the winding 
is vey difficult and is also of small interest, 
provided that the maximum stress arising i. e. 
the integral of the stresses along the winding 
IS fairly correctly arrived at. The short circuit 
stresses in the axial direction, as calculated from 
the amp. turn diagram, are besides very con¬ 
siderably reduced on short circuit by saturation 
both of constructional parts such as tank and 
core clamps etc., as well as, under certain con- 
ditions. the core itself. If the pressure against 
the winding end clamps is calculated from the 

les on the safe side, which is just as well hav 

^ ^ windings any lack of sym- 

tXn J increased. The maximum in¬ 
fer windings can be estimated 

of '»« 

sound principles It Is tdrt'vely®Msy‘'to®obta“ 

M arrangement Suitably strong to °Js, Z 

In this connection i+ l easiest way. 

an 


JL«. J.AH..A. VVJLAJLVJIJI V/JllV-ij: '-VltlCIlCCS it" 

self in an unpleasant manner by eddy current 
losses in the tank, core clamping flanges, and 
sometimes in the windings themselves. The 
presence of eddy current Josses in the tank is 
easily noted by the occurrence of hot bands in 
the places where the radial field causes the 
greatest flux density in the tank in the axial 
direction. Regard for eddy current losses ac¬ 
cordingly supplies a further reason for reducing 
want of symmetry between the windings in the 
best manner. 

From the foregoing it has been shown that 
under short circuit conditions particularly large 
mechanical stresses occur both in the radial and 
in the axial directions in concentrically arranged 
windings in a core transformer. The stresses arc, 
in respect to their effect, partly inward, which 
are taken up by the windings themselves or 
are transferred in the radial direction to the 
core and partly outward which ,ire transferred 
to the winding end clamps. Stres,ses acting 
outwards arise only if the primary and sc^ 
condary windings of the transformer are un- 
symmetrical in respect to each other or do not 
fully cover each other along the length of the 
core. In a well constructed transformer the 
windings must be built up so that they can 
without deformation of copper and insulating 
material, withstand the inward acting stresses 
This IS achieved by a suitable choice of con' 
ductor dimensions, the use of insulation inter¬ 
leaved between turns, the employment of me- 
oX hXipi resistant material, such a.s presspahn 
XlXX ’ i*«Pregnation and baking of 

direct ^'^^ward stresses which are transferred 

end supports must, on 
account of the difficulty of obtaining, at the 

X X supporting clamps, as far 

wanX^of sv e. g. by getting rid of 

r f ^ symmetry between the windings or a 
suitable distribution • of the unpreventaX* lack 
of symmetry caused by the kppXgs a d re 

Xor;r nX c ‘Winding sup. 

tXXrwXX dimensioned par- 

in time d,.e T ‘^^^symetnes which occur 

pos, Se pp devices, if 

Sen, be used to 

SS and “d "uv- 
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THE PROPER SELECTION OF SIZE FOR MACHINES USING 

ELECTRIC POWER. 


To the question "How large a motor or tcai^ 
former should be purchased for a given purpose?”, 
the reply front a practical point of view may 
immediately be given, "The smallest which will 
be satisfoctory for the duty under consideration”. 
That the motor must be large enough for the 
job in band is perfccdy clear, but it is by no 
means so easy to slate definitely what size is 


TrMsformws wtUi sm»U no-load losses. 



necessary to ensure this, as different conditions 
may cause wide variation in power requirement^ 
and in addition a future increase in the load 
must usually be reckoned with. Practical conditions 
thus make it advisible to choose the motor as 
much on the safe side as the above-named con¬ 
ditions, acting alone or in conjunction, may 
make desirable. In the same connection It is 
important to see that the motor will be capable 
of dealing with the overloads which may be 
expected to occur, so that it docs not pull up 
and give rise to a cessation of work.every time 
an overload ot such magnitude takes place* A 
motor which never causes work to be held up 
in this way Is undoubtedly of greater value. 

When careful attention has been given to this 
"safe side” in determining the size of a motor 
(or transformer), the proolem is next, to choose 
the smallest and cheapest motor possible, which 
can be obtained from the manufacturing firms. 

The problem is, however, not quite so simple 
as the above. Competition has by degrees foiled 
manufacturers to supply standard motors and 
transformers having such characteristics that the 
sm^lest is often for from being the cheapest 
in service, and this foct brings us to the* e«- 
nomic slde^of the question. 


In order to meet the demand for low no-load 
power consumption, particularly in rural elec¬ 
trification work, transformers with exceedingly 
small "no-load losses” have been designed and 
plac^ on the market. In these transformers less 
attention has been given to the magnitude of 
the losses occurring on load, and the greatest 
amount of effort has been expended in producing 
transformers at a low price. It is true that this is well 
justified under the special conditions which hsivc 
given rise to the production of such transformers, 
but it docs not do to forget that other cases roust 
be approached from a different point of view. 

To make this point clear we show in fig. 1 
curves of total losses In two transformers with 
small no-load losses, one for a nominal output 
(rating plate) of 10 kVA (P„), and the other 
of 20 kVA - generally os they are given in 
the manufacturers catalogues. 

Up to a load of 4.s kVA the smaller trans¬ 
former has lower losses and consequently a 
higher efficiency, but above this the has 
lower losses and higher efficiency. With a load 
of 10 kVA, that is to say at the normal output 
of the smaller transformer, the losses of mis 
are not less than O.21 kW (60 ^f) greater than 
the losses of the larger transformer, and on 
overload the difference is still more markc^ 
With, for example, a connected time of 3.000 
hours per year, half the time on no Iwd rad 
half the time on a load of 10 kVA, %9 kWh 
are expended due to losses In the smaller, Irans- 
(ormcr* while in the laigcr tmnsfbrnicr the figure 









s only 715 kWh. The di£Ferencc, 254 kWh, 
inay easily outweigh the higher first cost of the 
larger transformer if the price of power per 
kWh is fairly high. This is accentuated by the 
fact that the amortisation time of the larger 
transformer may certainly be assumed to be 
longer (and the amortisation percentage lower). 

kVA transformer with 
normal” no-load losses is not found to ^ 
more suitable, since the wasted energy during 
the year reaches 1,080 kWh. A similar tran^ 
former of 20 kVA would require 917 kWh 
per year in losses. 

With induction motors conditions are some¬ 
what similar, althoiwh in this case we have to 
take note of the effoct of power factor. Strictly 
speaking, this effect should also be noteci as 
regards transformers, but as It is then quite 
inconsiderable we have not considered it neces- 
saiw to refer to it. 

Our opinion however, is that the standardisa- 
tjon of small mass production transformers and 
three-phase motors makes it necessary to select 
the size of such plant with great care, paying 
attention to their characteristics, rumting con- 
ditions and to the cost of power in order to 
obtain the best possible results in working. As 
an indication as to how this selection should 
be made, we give below a simple analysis of 
the problem, showing the results in a number 
of tables and curves* The constants for charac- 
teristics, cost etc. are approximately those we 
have obtained from catalogues and descriptions 
which are available covering transformers and 
motors on the market. Our intention is, accord¬ 
ingly, not to give any direct instructions for 


derign, but simply to urge the purchaser h 
make use in the most economical way of thi 
manufactures which arc at present available. 

1. Transfotmets. 

For a teansformer the losses (p, kW) with 
load of P, kVA are approximately 

p-a + hP,»kW 

where a and b are constants for a certain trans 
former depending on its size, i.e. its kVA outpui 



a a t* M 



as stamped on the rating plate (P«). The first 
term corresponds to the iron (no-load) losses, 
and the second to the copper (load) losses. The 
constants a and b can accordingly be expressed:. 

fo “ c + d P,i 


We thus have 


&- 


e 



p-c + dP,-|-~-P,»kW 

If is the working time in bouts per year 
^ toe total time connected to the supply) and 
Ta the time also in hours per year during which 
the transformer is loaded with P, kVA, then 
toe power losses 


w*- Jrf(c+ dP,) -h r* - p - P.» kWh per year. 

If the cost of power is" k shillings per k^h. 
fhc cost of the total losses is 


k ♦•w s. per year. 
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If the first cost of the transformer is K s. we 
can put 

K^‘ g + hyPn 

If the amortisation and capital charges are put 
at ^ • 100 then ^ • /C - the outlay per year 
for these charges. Having regard to the fact 
that a transformer is depreciated less when 
loaded to a small extent, w may lastly put 

'-'If. 

in which /• 100 is the “normal" outlay per 
year in ^ for capital charges and depreciation 
(upkeep and repairs respectively). We have 
assumed below that /—O.ie. 

The total running cost Is accordingly 

D’=‘wk+AK shillings per year 

We now have to find a value of Pn which 
makes D a minimum, or to solve the equation: 




In the table at the 
side we give the values 
of the constants which 
have been found to 
correspond to low ten* 
sion self'Cooled oil im¬ 
mersed transformers of 
from 5 to 50 kVA at 
50 cycles,' partly ‘with 
‘’nortnal’* (NT), and 


partly with ‘’small" no-load losses (iST^. Sub¬ 
stituting these values in the last equation above, 
we obtain the value of Pn, i.e. the nominal size 
of the transformer which ^ves the lowest runn¬ 
ing cost (Pmin.). 

1. Por transformers with normal no-load losses 
from the equation 



2. Por transformers with small no-load losses 
from the equation 



The two last terms, (in ( )], can however be 
neglected without great inaccuracy, at least as 
a first approximation, and their it is easy to 
find the numerical value of Pmin. 

From these two expressions it will first of 
all be seen that the best value Pn for a certain 
value P( depends chiefly on the relation Trf/Ts 
and only to a less extent on the product FTV 
This has further a less effect {ot NT than ST 
transformers, and is less the greater the output 
(P«) whicli the transformer is to develop. 

In fig. 2 Curves arc drawn which show this 
relation for P# = 5 kVA, and in fig. 3 for 
P, = 20 kVA. In figs. 4 and 5 will be found 
curves for 10 and 40 kVA, although only cal¬ 
culated for a large value of k Ti and accordindy 
corresponding to the lower curves in fin. 2 and 3. 

These results arc shown combinecT in figs. 6 
and 7, and some of the most important points 
arising out of them arc given below: 
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A transformer with normal no load losses 
(fig. 7) Is only suitable for running at the 
output stamped on the rating plate v^eit it is 
loaded for about one-sixth of the actual time it 
Is connected. If it is loaded to a greater extent 
a larger transformer should be used. If, for 
example 15 kVA (P,) is required, and the load 
is on during half the workine time (f.e. TalTt,-!), 
then Pmifi/Pf = 1*68 and it rollows that the most 
suitable size of transformer is Pn ~ l.<s • 15 = 25 
kVA. 

When the continuous load occurs during less 
than oncrsixth of the total running time it will 
be most suitable to use a transformer for an 
output less than the figure actually required. 
From other considerations, (heating, voltage 
drop etc.) this cannot often be done, so that 
either the transformer roust be chosen with 
0* else an investigation must be made 
to show how a transformer with extra small no 
load losses would meet the case. 

TJe curves for such transformers are given 
In fig. 6, and it follows from these that they 
are most suitable where the load factor is only 
about V« of the total running time, and ^o 
that a low value of. may give rise to 
gmter enlargement than would be the case with 
Nr transformers. At the same time the curves 
show no mutual comparison between the two 
types as regards economy and running cost, 
but in each separate case a comparison must 
be made between the two best transformers of 
each type <)rLich can be obtained. 



In figs. 8—11 we have further estimated the 
total annual cost (yvk-^AK) for several sizes 
within the range under consideration (5—SOkVA) 
as a function of the product kTh which is of 
importance in this respect. The calculation has 
been made for rj/Ts = 2 part fora transformer of 
which the nominal output is equal to the actual 
load (P« = P,), part for the transfonner, which 
in accordance with the above mentioned gives 
the lowest annual co.st (Pa -- Pi»i«). 

If, for example, we require 20 kVA and kTh 
~ 200, we obtain, using a 20 kVA transformer 
with small no load losses, a total annual cost 
of 290 s.; a 20 kVA transformer with normal 
no load losses gives an annual cost of 285 s. 
The transformer with normal no load losses 
which gives the lowest possible annual cost is 
of 33 kVA, and the cost comes to 250 s. The 
cheapest possible working is obtained with a 
transformer with small no load losses and of 
46 kVA, working in this case costing 225 s. 
per year.. Of course this does not include the 
cost of power actually utilised, which is the 
same in all cases. The greatest possible gain 
which we can obtain in this case by suitable 
choice of size is accordingly 65 s. per year. 

It is hardly necessary to point out that the 
pin obtainable is greater' the higher the cost 
For energy, and the longer the time the load 
is on for a given relation T^iT^ In the same 
way that the gain for a certain kTb ts_ greater, 
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so Tj becomes less and approaches Tb. Among 
other things which can be clearly seen is that 
a transformer which is connected and loaded 
for times coinciding exactly with the running 
conditions of a practically fully loaded motor, 
requires to be of entirely different size from a 
transformer Intended for rural supply which is 
connected dur|^ng the whole year, but only loaded 
during an exceedingly short part of the time. 

The results which we have reached as a 
result of the above treatment should be regarded 
more In the nature of an example than as a 
fixed .general rulC| and a few remarks may well 
be added in this respect. First of all, it might 
be objected that an Increased capital outlay is 
in itself such a disadvantage that these means 
could never be used in order to obtain m(W 
economical working. To this point of view the 
only answer is that in this case all calculatiMS 
of an economic character become useless. On 
the other hand, it is of course possible to 
go too far in this direction. Since the. solutions 
of such (minimum) problems do not give a 
sharply dcBned. result, and we have a good j^rgln 
on opposite sides of the point which is theore¬ 
tically the ”bcst’', and within which results aw 
not worse to any appreciable «*tent, it is ad¬ 
visable to keep a little below this best with 
regard, among other things, to the capita outlay, 
which accordingly, and rightly, can only influ¬ 
ence the result to a small degree. 

It may also be objected that amortlsatibn is 
made to appear very dependent on the proper 
selection of the size of the transformer. It, 
however, we think of the great extent to yjich 
a high working temperature affects the lire ot 
the important insulating hiaterials used in trans¬ 
formers, e.g. cotton and oil, and if we give proper 

consideration to the advantages as regards motors 
and lamps obtained by adopting a reasonable 
voltage ^op, and lastly the practical advantage ot 
having a transformer able to withstand the over¬ 
loads which occur or to meet possible extensloM 
without requiring to be changed, it willprolMbly 
be agreed that the amortisation is affected by 


proper choice of size to a very great extent In 
addition it is possible to sec a reason in this 
citcumstaucc for not limiting the choice of the 
transformer actually to that size which is cal¬ 
culate to be theoretically the best 

2. Motors. 

As regards three-phase induction motors we 
can proceed in much the same manner as for 
transformers. It is found, however, that the 
buying price can be better stated in an expression 
of the form K = g + hln^* s. where P« is the 
power given out in kW. 

Making use of the normal amortisation foctor 
(/) = 0.i2, we find that the constants, at the 
present time, can be given values approximately 
as given In the table below, as regards low 
tension 4-polc motors of SO cycles of the slip- 
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. 

f 

% 

h 
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0.12 

0.025 

0.20 

0.12 

130 

70 

x.% 


Bering that Pt denotes ihe actual load riven 
by the machine* and Pn the output in kW In 
accordance with the rating platei we obtain the 
sixe of the motor> PmiK which gives the least 
running cost from the equatlonj_ _ 

By successive approximation we can calculate 
and trace curves of the same kind as shown 
previously for transformers. At the same time, 
regarding motors, we must take note of a 
circumstance which was neglected when doling 
with transformers, namely the effect which the 
size of the motor exercises on the power factor 
(cos 9>). The reactive power (and energy) which 
the motor takes always represents a charge, 
even if this Is not always made to the consumer. 

This first question is accordingly to dete^ 
mine how the Inducttve power is related to the 

smoff ktt. 








ASEA-ToURNAL 



f M KtOiSSO 55 4«49S05S«0 t,W(^) 

${26 of the motor and to the load on it. By 
anal^^ of the Hcyland diagram, for example, 
we find that the reactive power, P„ can be 
approximately expressed as 

Pr = «' + P Pj rkW 
a' = d + (f P, 


* fl 

where Pt and Pn have the meaning given above. 
We accordingly obtain the reactive energy us^, 
which is: 

»’r=rrf(c'+(fp«)+r*^ .pj ticWh per year. 

(Note, ricWh = reactive kWh or re-kWh). 

If the price for reactive energy is kr s. per 
reactive kWh, then the cost = kf Wr s. per year. 
In this yay the problem can now be solved if 
we know the value of these constants. 

On Investigation of the same series of motors 
as above In this respect, the foilowing values 
have been found. 


determined with some degree of certainty if 
we think of all the reactive energy being ab¬ 
sorbed on site by synchronous motors specially 
installed for the purpose. For a case on rather 
a large scale it has been found that we can put 

<ind in this formula other advantages of these 
synchronous motors have to some extent been 
included, parlicularly with regard to voltage 
regulation.. 

With a very little further approximation we 
can lastly obtain the size of motor whicli gives 
Ihe lowest running cost, (Pwi.) from the equation. 

-ftm TIT A. * / 6 . 7 V28.s]^\ 

Pis. • etl 

In this last expression we can also neglect 
the second term on the right band side, and 
this with less error the larger kTu. In this way 
we have calculated the value which is used as 
a basts for the curves in fig. 12. It follows 
from these that the motors of the series hi 
question are most suitable for running with the 
output stamped on the rating plate In the case 
where the running time is foom two to three 
times as long as the time duritw which they 
arc loaded, .somewhat different tor larger and 
smaller motors. If tlte time during which the 
machine is loaded is relatively longer, a laigcr 
motM is required for a given output In order 
to obtain the most economical results. 

In comparison with transformers we find that 
the enlarging conditions (P„fJP.) Is considerably 
reduced, depending of course among other things 
on the assumption which has been made as 
regards the reactive power of the motor and 



The total running cost is accordingly: 

e~n '*’1 *• 

?n if ^"*5“ lowest ntnning cost 

CPnAi) Is obtained from the equation 

dP,“® 

j this treatment, however, a 

dlHiculty is met with, as it Is not possible to 
assume any definite price for reactive enetgy, 
w at least to atrive at a definite relation between 
these and the cost of power. The last can be 



s M> te to 15 iO. SSOOOtSOOOtO AH'fM 
Rg. 13. 

the cost of compensating for this. It would be 
possible to go considerably further with respect 
to economy if, we ordered a motor, not only 
of latffer size,, but at the same time designed 
for a hfoher voltage than that on which it was 
intendecT to be used. Here, however, we begin 
to touch on constructional questions which it 
is not intended to deal with in this connection. 

In fig. 13 we have lastly given as. an example 
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AUTOMATIC POWER STATIONS. 


During the last few years there has been 
continually increasing interest in automatically 
operated power stations, both in Sweden and 
abroad. In Sweden a number of proposals have 
^en made regarding automatic working, and a 
few small stations nave been put in operation 
where circumstances have been particularly suit¬ 
able for automatic working, {.e. in cases where 
the position of the station has been unfavourable 
an alteration has been made to an automatic 
station. In other countries automatic stations have 
made greater strides. There are some stations as 
large as 5,000 kVA which are started and worked 




fully autom<itically. The re<isoiis .which have led 
to the constntetion of such large stations for 
automatic working have been the awkward, and 
in fact almost inaccessible positions. In many 
cases it would have been practically impossible 
to maintain a staff of supervising engineers in 
me places in which power has been available. 
The cost of maintaining the necessary personnel 
and their provisioning etc. would have been 
excessive. 

This brings us to the chief advantage to 
be derived from the automatic working of a 
power station. It is possible In this way to 
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of contact wattmeters, water level 

, indicators or similar devices, 

j A power station, however, can- 

i _!—1 not be nm entirely without atten* 

* dants. There must always be trained 

personnel available for regular 
inspection, oiling, and for keeping 
the pLint in order. This personnel 
must abo be available to proceed 
to the station when a signal is 
given that any fault has occurred. 
Suitable men arc in general to be 
found at the main power station 
or works to which the station 
belongs, and any additional ex- 

* -hjSicm* As regards attendance, ^three 

3- types ot automatic stations can 

““Sr 

by a1,d”a«ei.l!S^ on5^«l« a n«mb« of pwl.cU« d..l«s 

Sjy a^ mploycd ortarls. o» rapalja, n,«^ *11^ S.'r«dr?.'SjW«i *»<l 

•'''/S“’trf'sr!n'o«.r ;srH,r.^h.sr/s. ,p;r»rfo“i.«- 

this country, but abroad, s^ 
been run with good results. Gre«itcr difncultiM 
with them then with No. 2 should not be 
encountered here. 


the question In general. 

1. Genera/ ConstrucHon* 

When the matter of automatic operation of 

t . _ _ 1 - 1 .^......^ A nm* Ar 


a station Is being considered, a n""*®*' 2, Types of Machines, Volt«se Reguhthn, Power 

general questions regaling the working must Fitcfor Correction, Load Reguiation. 

be discussed. These have rega^ to the con- «*a«on eonioment already In existence is 

slderatlon as to how far automatic working can we naturally c’ndeavour 

be pushed in order to obtain the most econo- to be^made J,tor already 

reduce this personnel to one shift, which by be ng taken, which will me ^ , 

mom lightly employed can also visit the^statlon ^5 can choose 

in the V* ’’J *'!' JlrJr the svneh^^^^^ thT asynchronous 

nailing cUvIccs. The machinery attendants can former have considerable advantages 

in this way be employed on other work an ^P5;JJ^.\tS ;es7ert, both as reg^^^ 
arrangement which is often P“®****.** nnd nower factor correction. The Utter, however, 

without the use of such special safety d v . • P advantage with regard to simple starting, 

Proceeding a step further the personnel on am of advantage 

a sUtlon can be entirely withdrawn, and super- "* stow considerable ad- 

vision conducted from a distance, .te i^u«rwhere“rhT?^^^^^^^ f-'i 


Vision COllMUtlCU ttviii m j ' 

another station ot from the industrial pl^* 
which the station is laid down to supply. This 
is the remote controlled station. 

Finally, we come to the completely automatic 
station, which is started and. stopped by means 


i\SYncnronuu» - . r ii 

vantages where the station always runs at full 
load when it is In use. Such a case arises for 
example when a certain water reservoir is regu- 
lariy emptied through the turbines of a powee 
station. The turbine is shut down when th« 



water has been used up, and remains stationary 
un«l the water has again reached a certain 
height. The asynchronous generator can, however, 
never be used alone upon a supply system, 
^t must always receive magnetising current 
from a synchronous generator. Attention may 
also be called to the compensated asynchronous 
machine, which can be used particularly well 
« an asynchronous generator. By this means 
bad power factor can be eliminated and the 
machine will run, practically speaking, at unity 
power factor from no load to hill load. 

One question which has a considerable effect 
on the equipment of an automatic power station 


.. <111 auiumiinc power siation 

concerns the arrangements to be made as regards 
parallel running with other stations, and the 
question of voltage regulation, power factor 
correction, division of load etc. We hold the 
view that in this rospect as little dependence 
as possible should be placed on the automatic 
station. All arrangements for automatic voltage 

correction and load 
distribuHon necessitate relatively involved appa- 
ralus which makes the plant more expensive, com¬ 
plicate the operation and. in accordance with our 
experience, gives rise to a lot of repair work 
If we assume accordingly that at first only 
the lesser stations on a supply system are to 
be made automatic, it is reasonable that com* 

♦C w ^ from 

them. We can in this case overlook minor 
tmssure variations and poor power factor on 
the lutes connecting the main station and the 
automatic stations. The main power station can 
take care of the voltage regulation and power 
factor correction, the secondary stations being 
set for a suitable mean value with regard to 

them. 

We sifall return to the question of load 

*"*1*^*,'^ connecHon, and meanwhile 
transfer our attention to 

3. Anangemetrts with Water Turbines made 
necessary by Aufomatic Power Stations. 

eS^ted by intimate reciprocal working of the 

turbine and gen^ator, so that we m*y very 

ve consider at, this point some of the questions 

conceroing the equipment of the turbine. 

I. Ihe gate mechanism is provided with a 

Po' the auto 

P®* '"rket by the 

be ■^5**pf'?’ *^'**^*"*^*"*" suitably 

Ot used. Elecfnc motors also urpA 

operaHng the pte mechanism. For the elec^ic 

br'^Md" servo-motor three leads mwt 

DC used between the main station and the 
auomatic station. It is, however, possible to 


y iiM the same roturn connection for other circuits 
n in the operaUng system, and so reduce the 
number of nece.<»ary conductors. . *** 

r of the turbine Is controlled 

^ •‘ept constant by a governor which, for 

f parallel running with another staHon, must allow 
I amount of variation; the permanem 

between no load and Tull load 

! . u regulation is to be con- 

u * *P**^ changing motor 

I Ai?® i f"**®**®*! which can be controlled 
t from the main station. A further two conductoB 

fh! for this purpose. In addition to 

the above, suitable wattmeter equipment must 

the automatic station is controlled. The most 
simple arrangement is, however, to allow the 
automatic station to work with constant output 

'“""‘“g. and do all the regu- 
fating at the main station so that the total 
^tput is equivalent to the dcifiand and the 
frequency Is kept constant. If the demand on 
the system sinks beyond a certain amount, the 
automatic station is shut down. It is started 

demand has risen to such an 
extent that it can be fully loaded. 

„iuV Is arranged in this way It is pos¬ 

sible to dispense with a speed regulating motor. 

•!. In case the demand suddenly ceases al- 
together, an ovempeed regulator Is required, 
which automatically shuts the station down If 
Incteases beyond a certain 
automatic starHng gear of the 

Sf* j**?" i-®“*P*"y referred to above is 
designed to deal with this quesHon also. A 
tu^er protection against runaway is to arrange 

**** PlP« which 
opens and allows the water to go past the 
turbine in the event of the pressure In the pipe 
incroasing suddenly beyond a certain maximu^ 

5. wstiy. It IS usually most desirable to have 
IndxcaHon of the head of water available 
at the automatic station. For this purpose various 
apparatus has Jieen developed by L. M. Ericsson, 
Indicating the head of water 
^ between the 

most cases be 

Hr "**''*“« ®f Ibe common 
return lead for all operating circuits. 

me points referred to above concern the 
water turbme, and generally speaking all turbine 
firms now equip their machines so that all the 
requirements mentioned are met. 

4. Electrical Equipment. 

OA. plant.the electrical equipment 

consists of appar^s and conductors for start- 
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lag, synchronising, stopping, protection, and 
distant operation. 

With the assistance of fig. 1, which shows 
the diagram of connections for a station con¬ 
taining synchronous macTiincry and cunning 
automatically, the method of starting will be 
shortly described. A starting impulse 
to the station and is sent through relay No. 2 
on 40 the automatic starting apparatus of the 
turbine. The turbine is set in motion and the 
speed is gradually increased. In the neighbou^ 
hood of synchronism and at about 5 to 2 ^ 
below, the centrifugal switch closes and connects 
oil switch No. I in circuit. The generator is 
thrown on the supply and runs as an asyn¬ 
chronous machine with approximately nornaal 
full* load current. Immediately afterwards the 
field of the machine is excited, at first with 
a feeble current and finall^^ with full load 


exciting current. Due to this, the poles assume 
foe correct phase position and the generator is 
synchronised. If the poles should have been 
in the Incorrect position to start with, the cur^t 
of the generator increases for an Instant (about 
one-halt of a second) to double the normal current, 
and afterwards returns to the load value corres¬ 
ponding to the load on the machine at the time. 

Figs 2 and 3 show by means of oscillogram 
the whole variation of the current for h W 
kVA generator under coriditions as nearly 
approximating, to those of actual service as 

asynchronous station provided with power 
factor correction is shown in fig. 4 and is started 
in the following manner. The impulse 

is given to relay No. 8 and is by this 
taken to the automatic starter No. 7 and the oil 
switch No. 1. The generator runs up as a 
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normal induction motor, speeding up the turbine 
at the same time. When full speed is attained, 
the gate of the turbine is opened by the automatic 
starter and the station can then take up its load. 

The operaHons described above are carried 
out automatically by oil switches and contactors 
controlled from the main station. It would take 
up too much space here to describe these ar¬ 
rangements more frilly, and we shall accordingly 
turn to a brief review of the protective apparatus. 

It was pointed out before that, in our opinion, 
the arraitgements for voltage regulation, power 
factor correction etc. should be as simple as 
possible, and as regards protective devices, these 
should similarly be reduc^ to the smallest number 
absolutely necessary. Such protection includes 

1. Overload protection. 

2. No-volt protection. 

3. Reverse current protection. 

4. Warnings of hot bearings in generators and 
turbines. 

Overload, no-volt, and reverse current pro¬ 
tection is arranged in a similar manner to that 
adopted in ordinary stations, and brings about 
disconnection from the network when any fault 
occurs. At the same time, however, the turbine 
must be . stopped and a warning given in the 
main statioh to show what has occurred. This 
is all done automatically. The attendants at the 
main station can re-start when the fault is of a 
transient nature. If after paralleling, the station 
is again shut down, the reason for the trouble 
must be further Investigated and removed. 

The occurrence of a hot bearing is a fault 
which necessitates the despatch of a competent 
man to the station. The question is only as to 
whether the signal device should be of a Idnd 
which gives timely warning as soon as a tem¬ 
perature rise greater than normal begins to occur, 
so as to summon help, or whether It should be 
of the pattern which acts merely by shutting the 
station down when a predetermined critical value 
has been reached. The former system is probably 
the most desirable, but makes it necessary to 
du^icate the thermal devices in the bearings. 

Reference must lastly be made to another 
most important detail which concerns the ope- 
'rating system and signalling instruments. 

The question as to where the operating current 
shall be obtained is In some cases rather a problem. 
In general this can be arranged Iq the following 
manner. 

In the main station there is placed an master 
switch for starting and stopping, and an in¬ 
dicator' which shows at all times the tunning 
condition of the secondary station. The current 
for starting, stopping and indicating is taken 
from the main station when all the conductors 


in the secondary station arc dead. ’ In general 
this gives rise to no dlfiicitlty, as in any case 
exciting current is always available. In the worst 
case it is possible to cany on by using an 
accumulator battery of something under 100 volts 
which in this case i.s then placeddn the automatic 
station and is chiefly intended for operating the 
starting solenoid of the turbine. Continuous 
current can be transmitted about S kilometres 
without difficulty, and this is sufficient in most 
cases. When the distance is greater it is possible 
to make use of small relays. 

Current for operating oil switches, contactors, 
operating motors etc. must be taken from the 
automatic station or from the network. With 
synchronous machinery the exciter is always 
available, and with asynchronous generators 
AC can be taken from the net for operating 
and also for lighting during repairs etc. 

Indicating signalling can be simply arranged 
with the help of a voltmeter with a special 
scale. If we are content to use ''five operating 
ositions, only two conductors are necessary 
etween the two stations. These five positions 
give the following: 

1 is used during starting and synchronising. 

2 during normal running. 

3 during stopping. 

4 when the station is not working and every- 
tiring is correct for a new start. 

5 is an emergency signalling positions for u.sc 
when something is wrong. In this position an 
alarm bell or lamp signal is connected for 
attracting attention. 

The complete remote controlled station in 
accordance with the foregoing description requires 
the following operating leads: 

3 for starting, stopping and signalling. 

2 for the water level Indicator. 

5 for load regulation. 

If load regulation is not embodied and a 
common return lead is u.sed, the number of 
conductors can be reduced to four. 

We have attempted here to give a brief de¬ 
scription of the questions which have to be 
considered in connection with making a power 
station automatic. The treatment is naturally not 
exhaustive in any direction, and the nature of 
the case necessitates that local conditions always 
affect the arrangement adopted. At the same 
time, we hope ffiat we shall in the neat future 
be making use of the advantages offered by 
automatic operation, which have been found 
possible abroad, particularly in reducing the 
runnli^ cost on existing installations and In 
making possible the utiltmtion of small amounts 
of water power which would not otherwise be 
a commercial posribility. 
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132 kV OIL SWITCH FOR THE SWEDISH WESTERN MAIN 
LINE ELECTRIFICATION. 


The Stockholm—Gothenburg railway line is 
being supplied from five substations, to which 
the Royal Waterfalls Board are supplying power 
in the form of high tension three-phase current. 



rin. I. 0« »wll* type HYCBU IWJO (tm jbovfc 


For the substations at Hallsberg and Moholm, 
which arc supplied from the power station at 
Trollbattan via the Western Power Line, Asea has 
just supplied the necessary .132 kV oil switch^ 
These are designed for out-door erection, 300 
amps, normal current and a breaking current 
of 2,400 amps, at a working nressure of 
132 kV. They arc designed to withstand a test 
pressure of 275 kV for one minute. The flash- 
over voltage for the terminals exceeds 320 kV 
dry and 275 kV on rain test 
The oil switches ate built up of three single 
pole units, for which the oil tanks arc proved 
with flanged wheels to run on rails for shifting, 
^ch unit consists of a heavy cast iron cover, 
or base-plate, which is carried on the oil tank. 
The contact arrangement and the mechanism 
supported by this cover. The lifting r<^ for the 
contact bridge, together with the parallel guide 
mechanism and system of operating links, are con¬ 


tained in the cover, but are easily accessible through 
removable inspection lids suitably arranged, 

The oil switch bedplate or cover, and the 
oil tank, are held together with heavy bolts. 
The joint between cover and tank is provided 
with watertight packing. The cover has four 
eyebolts, for lifting the complete switch, or for 
lifting the working parts of the switch out of 
the oil tank. The single pole elements of the 
switch arc mechanically connected by a self- 
contained rod system which is carded to ■ a 
separate motor driven operating arrangement. 

A free tripping device is provided and all 
necessary signalling and auxiliary contacts. In 
the casing for the operating arrangement is 
placed a terminal board for the operating circuits. 
Closing can also be effected by hand, oy means 
of a removable lever, and tripping can be carried 
out by means of a special handle. The position 
of the switch is indicated by a mechanically 
operated signalling device. The operating ar¬ 





closing (approx. 2 kVtO and it moves particu¬ 
larly smoothly and rapidly. It is so arranged 
that the power supplied by the motor is stored 
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In a flywheel, which Is coupled up to the link 
mechanism of the switch through a clutch and 
gear when the switch is to be closed, and un¬ 
coiled when this operation Is completed. 

Opeidng of the switch is effected by the 
downward movement of the contact bridge 
there being ^o breaks per pole. The contacts 
are of the plug type. The fixed parts, which 
are carried on the leading through bushings. 
*^xL*** in explosion Cambers. 

The switches are fitted with charging resistances 
■which are connected in circuit for closing by 
special contacts before the main contacts am 
Closed, and arc afterwards short circuited. The 
charging resistances consist of resistance mats 
wound In rolls and mounted in bakelite paper 
flinders, placed above the explosion chambers, 
me hxed chaiging resistance contacts arc sup¬ 
ported on bakdite paper tubes. 


The leading through bushings are of the 
condenser type with porceUin sheaths. They are 
provided with cast iron flanges screwed to the 
switch covers. 

The switches are further fitted with self- 
contained current transformers carried in circiikr 
brackets round the leading through insulators. 
Ihese last can be dismantled without moving 
the transformed. The terminals of the secondar? 
winding are brought to a plug fitting on the 
lop of the switch cover, from which conductors 
are run In tubing to the terminal board in the 
casing of the operating gear. 

The switch tanks arc built up from heavy 
plate, and fitted with oil gauges and filling and 
dMw-off valves. 

The flanged wheels for the oil tanks arc 
designed for a gauge of 1,435 mm and arc 
provided with barring arrangement. 


+ CF~ 
AC 


THE USE or NOMOGRAMS AS A HELP IN TRANSFORMER 

CALCULATIONS. 

iB-SErSrSHSE 

of more or less complicated formulars is difficu^ ® ^ deduction, 

and wasteful of time, and ak “Io who threeVrallel straight lines, 

like estimating engineers, although frmiliar with i?“ Unes which cut 

mathematics, have to carry out the same calcu ^ parallel lines. Geometrically wc obtain: 
lations several Hmes a day. i-i 7 .ir.BC. >|jj 

The object of this article which deals with 
one or two of the simplest nomograms and 

L* *“‘J>«ate the mathematical BAT -I- HE=^BG + GE-BE-AD • ^+ 

T*' diagrams, and to make the 

. :. 

to rive > stii«u'L,“to‘a,e *' 

The diagrams described in the following h-ive '* i/^ u ***« 

been designed to assist work in the esHm-iHno » "*** whole problem is 

departmef of Asea, and thdr «sl has ft «P on the 

exceedingly good results for mote than a vm? «« a 7 *1 representing a variable X, 

A nomogram or chart einX of throl o; ! 4 n*^**v'** ^ 

more straight or curved LaSTerfoMhrae orLt on the line CF a linear scale 

J|t«**P«“dent variables, the «aks being so ST'c md*r?''^^v 

divided as to have the propertv thai ^.h. u * ^ «"<• on the line BE a 

. 


accordingly equal to the 
sum of ..4D and CF each reduced In a certain 

Si* ik points A B and F provided 

mat these lie in a straigth line and on the 
mpective parallel lines. The whole problem is 
n • ^®*’,'nstance setting up on the 
Sr *k 7 i “**f ***** representing a variable X, 
*.dn“** J^* of the scale lies at A and 

AD^ciX, and on the line CB a linear scale 
wpresenting a variable Y, so that the origin 
hes at C and CB=/? Y, and on the line BE a 
Ik *****. fepresenting a variable Z so that 
Ae origin lies at B and BB=y2, then in 
accordance with equation 1 there is a connection 
between X, Y and 2, 

. ( 2 ) 


On the assumption diat the connection between 
A, r and 2 is represented by equadon 2. we 






can accordingly find for any values Xj, ^ on 
X and y a corresponding value Za on Z by 
joining X, y, by a straight line which cuts the Z 
scale at Gcacwlly equation 2 can be written: 

/,x+/, y-/,z .(3) 

and this equation can be represented by scales 
on three parallel straight lines, and mutualiy 
connected values of X, Y and Z arc ol^liKd 
at points of intersection between a straight line 
and the three scales. If/t» f% <tnd /« ace constants 
the three scales are linear, and the connecHon 
between AB, AC, BC, fi, y and /i, ft and 
in equations 2 and 3 is as below: 

AB—AC-j-^-s-iBC-AC-7—^\ 

r‘jK .») 

In constructing the diagram a suitable v«ue 
is ^osen for the length AC, The value or the 
scales « and /J is chosen so that the actual di¬ 
visions of the X and Y scales respectively ai» 
of suitable length. (The calqilation of « and p 


is canied out for one case in the following). 
As in equation 4 all the magnitudes with the 
exception of AB, BC and y arc known, these 
last can be determined and the diagram con¬ 
structed. /„ ft and /, can be positive or nega. 
tive, but care must be taken that the positive 
directions are reckoned in the same direction 
from the origins of the different scales. As 
regards the origins . of the scales (A, B, C in 
fig, 1) these, further, must lie on the same 
straight line, but this (.A—Q need not be at 
right angles to the X. Y and Z scales as shown 
in fig. 1. If, for example, In a certoin case only 
a small part of the scale of one variable (e. g. 
X between 10 and 20) is of achul use, the 
origin for this scale is chosen so that its lowest 
useful value (X^^IO) lies at the same height as 
the origin, for example, of one of the remaining 
scales, (y=0), if this scale is used from the 
origin upwards. The renxainder of the first scale 
need not be drawn. In the same’way the third 
scale need not be drawn for the whole of its 
length,.but its magnitude and position can be 
determined exactly as above. . v t 

If /„ ft or ft arc not constants /, X, /, y, /« 
Z representing any functions of X, Y and Z 
respectively, we can put/jX=<P|y=<i®*6 
and /ft Z “ where Vt constants. 

The diagram Is then constructed for the function 
Vi S+IP*?fo accordance with the above 
with a I- a C- and a ^ scalc. Then since for each 
value of ? there is a corresponding value of X, 
for each value of C a certain y-value, and for 
each value of a certain Z-value, we can set 
up on the ^-scale a corresponding X.scale etc. 
The scale for X, Y and Z arc therefore in most 
cases not linear, but may be quadratic, or loga¬ 
rithmic, or of some otber type depending on 
the appearance of the different funttions. As 
the C and n-scale arc only for assistance in 
construction they arc not given in the final 
diagram, but only the corresponding X, Y and 
Z-scales are included. 

In accordance with the 
function whatever, ftX+ft - ,, 

variables we can construct a nomogram, and 
where two of the variables arc known, determine 
^e value of the third by seeking the known 
values on the diagram (e.g. X„ y,) on the 
respective scales, and Joining these points by a 
straight line, when the corresponding value (Z,) 
of die third variable (Z) can be read at the 
point of Intersection between the straight line 
and the thi^ scale (the. Z-sCale). 

A simple application of the above is the con¬ 
struction of a nomogram for the determina¬ 
tion of the voltage drop in a transformer with 
distent loads and power factors. (As the same 


; foregoing for any 
/, y=/,Z of three 
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formulae also hold for the voltage drop in lines, 
the same dianam can be used for determining 
the voltage drop in a supply line, but only in 
the case where the power factot and load is 
Dositlve and the inductive voltage drop on the 
Hne is greater than the capacity effect). 

We introduce the following symbols: 

Er = total ohmic voltage drop in the trans¬ 
former in of the primary voltage. 

Ex — total reactive voltage chop in the trans¬ 
former in ^ of the primary voltage. 

£r = lhe short circuit voltage of the trans¬ 
former in ^ of the primary voltage. 

Cos ^}~the power factor of the secondary 
load. 

Ef=- the total voltage drop in the transformer 
with a certain power factor cos of 
the secondary load in ^ of the primary 
voltage. 

Then with sufficient exactness: 

IQ-J 

Et cos sin g>i + -^(Ei- sin 9% — 

10^ 

^ Ex cat y,)* (Er sin - £* cos 50,)*+ 

in-to ’ 

+ ~ ^9^ +. (5) 

. ( 6 ) 

Equation S is hir too complicated for use in 
ordinary technial calculations and we must be 
content with the less exact formula 

£* 9 =Er cos 9 ’,-i-Exsing>t . (7) 

This formula however gives, for large trans¬ 
formers in which Ex can be 10—12 times E,, 
with cos 9* - 1.0 vaWs up to 50^ too small 
foe Cy, so that, in many cases at least, the first 
of the neglected teems must be taken. This, as 
we have said before, makes the formula awkward 
to handle, but with the help of the line diagram 
this difficulty is easily overcome. As the formula 

— gives sufficiently accurate results in many 
cases, two diagrams can suitably be drawn, one 
for Ef^Ef cos 9t’i-Ex sin and one for 

10 “* 

“ “ 2 “ (E, sin y, - Ex cos 
10^ 

+ yj- sin 9t - Ex cos 
lO-io 

+ 2^ ^ .(8) 

when accordingly E—Ef+E^^ 

Ndm<gram fer Ef. 

We can write equation 7 in the form 
f^X+f^ Y^f,Z 


where X=£r; T-E,; Z~E<f; A^cosjo,;/*=® 

-sing>,; /#*1. 

The diagram accordingly will have linear scales 
for Xt Y and Z. 

Returning to equation 4 in the foregoing, we 
have first to determine AQ a and j?. To make 
the diagram of convenient size we choose 
/)C —15 cm. The diagram is constructed for 
Er and Ex between 0 and 12^. If the scales 
for Er and Ex are chosen the .same and so that 
a length of 10 cm represents 5^, the height of 
the whole diagram is 24 cm and we obtain 
n«/J=2. (^Z)=10 = «-5; « = 2; C£=10== 
/?=2). 

From this we obtain accordingly: 
sing>a 

=15 —^15 — fy* - 

cosy^ 8lng>t cos + sin y, 

2 2 

1JC-I5- 

cos y^4-sin y^ 

2 

^ "cosy^+slnyj 

For every value of cosy^, wc accordingly 
obtain a scale for Ef, and these scales are drawn 


1 - 




J 
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foe the most commonly occurlng values of cos9>„ 
namely cos 5 P, = I. 0 , 0.*, O.s, 0.7, 0.*, 0,5, 0,25, 0.o. 
In the following table the values obtained for 
Ab, BC and }' arc given. 


CmV» 

AH 

ac 

7 

1 

* 0 

15 

2 

0.9 

4.90 

lO.io 

1.495 

0.8 

6.44 

8.56 

1.428 

0.7 

7.57 

7.41 

1.414 

0.6 

8.56 

6.41 

1.^ 

0.5 

9.51 

5.49 

1.40 

0.25 

11.92 

3.08 

1.645 

0.0 

15.<I0 

0.00 

2.00 


It is evident from this table that when cosy),— l,o 
the scale for exactly concides with the scale 
for Er and with cosy>,-0.o the scale for Etf 
exactly concides wlln the .scale for £*. The 
remaining scales come between these two outer 
scales. 

The appearance of the diagram is In accordance 
with fig. 2. IThe diagram is most conveniently 
drawn on millimetre squared paper, but should 
afterwards be copied on to plain paper so that 
the millimetre divisions do not Interfere with 
the use of the diagram. 



Nomogram for jPV 

The expression for cannot be written 

directly in the formula fiX+f^ Y=j^Z but 
if we put E, sin — R* cos (fit = Z, U is 
clear that according to equation (8) 

Z*+ Z*+ Z*+. U every 

2 2,4 2,4,0 

value of Z detennines at the same time one 
value of We can accordingly draw a 
nomogram toe the function S sin y), — 
— E,cosy>, = Z and replace the Z scale direefly 
by an scale whence a nomogram for the 
connection between Er, Ex and £* y is obtained 
for different values of the power fector. Here, 
however, we encounter a difficulty. If the cal* 
culation is done as for the £*« diagram we obtain 
/, = siny>,; /,« —cosy), and I and accord¬ 


ingly AB^- AC 


sin y), —cosy),’ 


BC=.<4C- 


sin 


7 

_ I y=--i.e. for cosy),= 

sin y >5 — cos y), ' sin y), — cos y), 

= slny),»0.7w AB. BC and y aw infinite or, 
in general, for cosy), in the neighbourhood of 
sin y), the scales are extended a long way 
from the Er and Ex scales. In order to get a 
suitable shape of diagram we accordingly put 

= Ex=Z and y*+......and in 


equation (4) we obtain/,=sln y)„ /t^li/a-cosw,. 
Proceeding now in the same way as for the 
diagram we obtain as a result the diagram shown 
in fig. 3. This diagram has the drawback tlwt 
for given values 01 Er and Ex the value of 
for dilforent values of cos go, cannot be obtain^ 
by one position of the reading line, but this 
must be moved for every value of cos y),. This 
disadvantage Is, however, made up for by the 
fact that the value of cosg», = l.o fa 

independent of the value of Er arid can accord¬ 
ingly be read directly on the Ex scale, partly 
because In most cases the voltage drop fa not 
of Interest for more tlian one value of cos y, 
beyond cos y), = !.«. The diagram shows tlwt E» 
is relatively small as long as cosy),<0.t and 
when Ex and Er respectively are < 5^, so that 
EL can then be neglected in relation to Ef. 
After working with this diagram for some time 
it is silmost possible to determine E f vrith sum- 
dent accuracy without reference to the diagtam 
at all, so that it is particularly simple in prac¬ 
tical use. . , I 

The alteration of the Y-scale to the 
is in this case moit simply carried out by de¬ 
termining values of for dlEferent values ot 
y drawing a curve of the connection between 
and Y, and from this curve determining 
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conespondiitg values of Y foe certain even values 
of E4f. The E\ scale is then graduated front 
the values obtained as it is not linear. In the 
construction of nomograms in general, the 
greatest importance is attached to the division 
of the actual scales, as the correctness obtained 
by the use of the diagram depends on how 
accurately the scales are constructed, 

Nomogram for the connection between Ek, E 
and E,. 


9 / — percentage of losses with efficiency 1 /, 

Then: 

H5"+«IF 


^=100 


_ 100 _ 


= 100 - 


100 


100+1 


(9) 


This diagram gives a simple example of a ruler Assuming first that cos 50 , = I .0 and putting 
diagram with quadratic scales. In accordance with _ 1 

the above we have * 


Ek*=Ef+Ex* 

^itt^g here E,^= Y, we obtain 

accordingly /j =/»=/. = I .0 
The diagram for X+Y= Z is calculated as the 
J-iP diagram and the £, and Ex scales are 
determined by finding corresponding X, Y and 
Z valiws for certain even values of Et, E, and 

and afterwards drawing the respective scales 

from the msults obtained. The result of this is 
^own in fig. 4. It will be noHced In this diagram 
two £0 two Ex and three R* scales must be 
constructed, because the quadratic scales are less 
exact in the neighbourhood of the origin and 
speaal scales must be constructed for low values 
of Ek and Ex respectively. The scales which 
an be used together are the scales denoted by I. 

Thus aU the diagrams for the determination 
ol the voltage drop in Iransformecs are given 
and may be used as follows. Normally a value 
Is guaranteed for the short circuit voltage and 
the ohmic voltage drop. From these a value is 
determined in accordance with fig. 4 for the 
reactance voltage drop Ex, and from the values 
pt £, «nd in accordance with the diagram 
in hg. 2 Pf for any desired power factors on 
the Mcondary side, ^d lastly in accordance with 
the diagram fig. 3 F'y if necessary. 

A Nomogram for the determination of efficiency. 
The following symbols are introduced: 

^ ~ the secondary output of the transformer 

with Vi load and cos 9 >,= l 4 > in VA. 

A ■ = the copper losses with */. load and 

cps 5 »=l.o in of W. 

• = the iron losses with ‘/i load and cos«>= 

1.0 in ^ of IF. 

u = secondary output in relation to IF. 
cos9>,«Mwer factor of the secondary load, 

V - the efficiency of the transformer with 
secondary load cos 9 >, • u * IF Watts in ^ 


•l + s 


we get 
♦1 = 100 


100 


lOO^l 

V 


( 10 ) 


From this it follows that ^ is determined in 
terms of v, i.e, for every value of v there is 
only one corresponding value of 1 /. We accord- 
ingly ^calculate a nomogram for* the function 

" ^ ® “ V, as the nomogram for E^ and 

hence put /i» u, /« ■• “ and./, — 1, The diagram 

JMMdnAofr 41 , 
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is linear with respect to X, n and v and we 
obtain a v-scalc for every value of u, the v scale 
being drawn for the most commonly required 

values of w 3 4 )- Transfer-* 

mation of the ^-scales Into ij-scales is done most 
simply by putting 1/-100 - and determining 
V as a function of tj/. We then obtain 


Thus if we work with A, - *1 “ 

^ instead of with A and s the diagram must 


i- 


vf 

100 


and in accordance with this equaHon 
of V is determined for certain values of ijf. The 
value of 1} is then directly given for the res¬ 
pective ii)f values. The appearance of the resulting 
diagram Is in accordance with fig. 5. The A-scale 
is here denoted by and the ^-scale hy 
By the help of this diagram accordingly, if the 
efficiencies for a transformer at e.g. Vi and k 
load are known at cos^ff,*^!, the erficicncies at 
X % % % and ‘/j load, and the copper and 
Icon losses wlrii Vi co 8 (/>=*l.o can be 

directly determined as a percentage of the 
secondary load by the points of intersection 
between the respective scales and a strateht line 
drawn through the points of known efficiency. 
It will be seen from the diagram that a scale 
for ohmic voltage drop E, Is also marked on 
the lF« scale so that It is possible to obtain ttre 
ohmic voltage drop direct from the dlagrain. 
The £r-scalc is determined In accordance with 

the formula 

ciently close result. ,, 

In the foregoing the efficiency diagram holds 
for cosflo-- 1 . 0 , but It can also be used for other 
values of the power factor. We «n write eqoa- 
tion ( 9 ) in accordance with the formula 

100 

fl-100 -- 


A 


- 100+1 


COSfi COS<jPj 


cos . 

hold good without alteration, and with the 
assistance of the diagram, the efficiency at any 
desired value of cos <Pj, can be determined. If for 
example in a certain case the efficiencies of a 
transformer are known at Vi *®d Vj load with 
cos “ 1 » the remaining efficiency figures and 
corresponding values of A and t ate determfoed 
in accordance with the foregoing. If the effici¬ 
ency of the transformer is to be determined 
with cosy, — a for the secondary load we deter¬ 
mine A, --.a,-- and find the corresponding 
* < 1 * * 

points on the W„ and lF,-scalcs. A straight line 
is drawn through these points and the required 
efficiencies read off at the points of intersection 
between this straight line and the respective scales. 

It follows from the above that Ex and Ef can 
be determined for a transformer from the diagram 
in accordance with 2—4 when £r and £» are 
known and E, and the efficiency at any load 
whatever and cos (P, is determined from me 
diagram in accordance with fig. 5 if e.g. the 
copper and iron losses with Vi load and cosy,— 
1.0 arc known. It follows from this that in order 
to know the electrical characteristics of a trans¬ 
former fully (with the exception of the insulation 
cliaractcristics) It is only necessary to know the 
value of Ek, one magnitude depending on me 
copper losses, and. one on the iron lossw \ Wm 
and or one loss figure and one efficiency 
figure, or two efficiency figures). The remaining 
electrical data can be easily obtain^ wltb the 
help of .the above diagram and one of the simple 
technical calculations given. One great advantage 
of this is that when quoting transfonoera tele¬ 
graphically to branches and agents it Is only 
necessary to give three technical data figtirM 
in the telegram. A tender as complete as the 
customer may requite, with. regard to teebmMi 
data, can be worked out on the basis of the 
telegram. 
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ASEA-TOURNAL 


VARIOUS METHODS OF INCREASING THE EFFICIENCY OF AN 

INSTALLATION. 


Efficiency, Pome factor. Load factor. 

Tliere are a number of factors which affect 
the overall efficiency of an electrical plant, and 
which are expressed in different ways — e.g. 
ordinary efficiency - 1 / « the relation between 
the power in-put and power output; the apparent 
efficiency • the relation between the power 
output and the apparent power in-put effi¬ 
ciency X power factor =• x cos gn different 
expressions for the degree to which the power 
is utilised, or the use made' of the power 
during a certain time, such as, diversity factor 
and load factor, maximum and resultant factors 
etc. (these expressions are more closely defined 
in STFs Handbook XX). All .such factors 
have the common property that the best result 
is obtained if they are ” 1. We shall not trouble 
to consider the question of ordinary efficiency. 

At the present lime the question of power 
factor is one of great importance. We shall, 
accordingly, deal with this to some extent but 
our treatment will be limited to deal with power 
factor as affecting threephase motors and the 
possibility of improving it. Power can be better 
utilised in a number of virays, chiefly by elimi¬ 
nating peak loads, which can be accomplished 
by a number of electrical devices, regarding 
which a few words will be said. 

Power factor of three phase motors. 

It has always been known that the synchro¬ 
nous motor can be run with cosy>>-l. Bearing 
this in mind it is interesting to remember that 
the synchronous motor was in existence (as a 
single pljiase motor) before the induction motor 
was invented. On account of the poor starting 
characteristics such machines were never used to 
any great extent, and were almost entirely eclipsed 
by the induction motor when this was introduced 



Rs. I- AatoiriKliiotMus motor. 


(about 1890). The induction motor was soon 
regarded as the ideal motor for commercial pur¬ 
poses and it must be acknowledged that this 
opinion was justifiable. 

The fact that the power factor of the induction 
motor was lower than unity received considerable 
attention from the first. Users, however, soon 
learnt to accept O.s as a satis&ctory mean value 
for the power factor at fitll load. Attempts 
were made, however, to increase this figure. 
Soon after 1895, for example, the AEG put on 
the market a special scries of motors having a 
particularly high power factor, above 0.9 for 
all sizes, even down to about 5 h.p. This scries 
of machines was naturally rather more expensive 
than the standard pattern. The good electrical 
characteristics of these motors were not fully 
appreciated by customers and the result was 
tliat this series of motors could nof make headway 
against competition with cheaper machines and 
they, consequently, died out in comparatively 
few years. 

Such an attempt having- been unsuccessful it 
is not surprising that two inventions which 
attracted a great amount of attention in their 
day (1901) namely, Danielson’s Autosynchro- 
nous Motor and Heyland's Compensated In¬ 
duction Motor, were unable to obtain any 
footing on the market, since both these Inven¬ 
tions involved certain complications not present 
in the common induction motor. 

The autosynchrooous motor (fie. I) is now 
quite well known. It consists 01 an ordinary 
induction motor with slip rings and is started 
by means of rotor resistance in the usual way, 
but in addition, is provided with an exciter for 
supplying continuous current to the rotor wind¬ 
ings when full speed has been attained. While 
running, the machine has much the same charac¬ 
teristics as a synchronous motor and the power 
factor can be varied'in'the .same way by means 
of a field rheostat. The autosynchronous motor 
has not been utilised to the extent which might 
have been expected, but has, at any rate, never 
been altogether forgotten. 

Heyland's motor was the first machine of 
an extensive class known as "Compensated In- 
duction Motors", and may be described as an 
induction motor furnished with an exciter, supp¬ 
lying not continuous current, but three-phase 
alternating current of low frequency to the 
secondary windings. Such an exciter which, 
in general, consists of a commutator machine 
of one kind or another, can be built in a 
number of different ways. The problem, in this 





Fig. 2. CompaiMCca IndiicHaii motor. 

CASC| is to dctctininc a pattern of cxcltci% 
which the advantages gained outweight the 
disadvantages, due to its presence. 

The Heyland motor never attained a very 

large field of ®/ 

Hons, which were very much before mclr time. 
People were not ready to pay for the higher 
power factor obtained and the constructlona 
difficulties were, probably, not then so well 
understood as they are now. The motor was 
forgotten for a number of years. 

A compensated induction motor Is very similar 
to an ordinary induction motor, both as regards 
starting and also as regards the fact that It runs 
with a speed which falls somewhat as the load 
increases, corresponding to a definite slip. It » 
different, however, in the important respect that ts 
DOwer foctor is considerably higher and can be 
made unity at all loads. These ebaract^stics have 
had the effect of bringing the machine under 
notice again during the last few years, during 

which period there has been increasingcompetition 

in the search for power factor Improvement. 

Asea had devoted considerable attratlon to 
this type of motor at an early date. The well- 
known Asea three-phase* commutator motof. 
giving a speed regulation ^thln wide Umlt^ 
really belongs to this class of machines. If such 
a motor is built to run at one speed onl^^ 
namely at approximately the synchronous speed 
instead of for variable speed it becomes very 
considerably simpler in construction and cheaoM 
in first cost. A motor which has been simpuHOT 
in this way is shown in fig. 2. As regards the 
external appearance and method of use, it ts 
in no way different from a common Induction 
motor. It has however embodied in the rotor 
an exciter winding which supplies the nectary 
inagnetisaHon to maintain the power factor always 
- 1. Regarded theoretically thij motor can be said 


to be an Ideal machine. The success of such a 
motor, however, depends cnHrely on the reception 
it receives from commercial users and on the value 
which customers place upon the quesHon of good 
power factor. It would, however, be of great in¬ 
terest to know if there really exists at the present 
time a generally felt want for such a motor. 

The type referred to which can be Mlicd 
a "Self exciting IndaeHon Motor" should be 
specially suitable for motors of smaller outputs 
up to about 100 b.p. For larger motors, patfl- 
cularly those rumdng at low speeds, it is often 
a more practicable possibility to provide the 
necessary exciter as a separate maebin^ * u ^ 
driven direct or through gearing from the shatt 
of the main motor, or in some other manner. 
This arrangement is certainly the best anti is 
the only method which can be adopted when 
it is desired to Improve the power factor of a 
motor which is already Installed. This possibility 
should always be remembered, and there arc, 
undoubtedly numbers of cases when such a course 
would be both economical and advantageous, 
^ile attempts have been made by the methods 

described above to Improve the induction motor, 

it must not be forgotten that synchronous mofws 
also provide means for improvement in the 
same aireclion. The common sV'fJ 
suffers from the disadvantage that its stofjfoff 
efficiency is very low in * 

of the InducHon motor. A close studv of the 
. conditions has, however, yielded valuable results 
as regads Improvement In this respect. Asm 
at the present time constructs numbere of motors 
which are known as "Self-St^fing Synchronous 
Motors". Such a motor is started in much the same 
manner as an Induction motor with squlwel cage 
rotor, and differs from an odInary synchronous 
motor In that special synchronising devlAs arc not 
required, a very considerable advantage. Asyn- 
chionom moW of thte WikI i> lo fig. J- 

For Improvement of power factor A.*** 
accordingly now building simultaneously three 
types of motors, namely, aufosynchronous mo- 
toK, compensated Induction motors and self- 
starliog synchronous motors. Which of thew 
three types is to be preferred must in «vcty 
case depend on the actual conditions.^ Each of 
the three possesses certain qualities which renact 
ir moVe or less, suitable for certain classes of 
work. Ooscr invesHgatlon of this 

occunv too much space here. It ts, oowevex, 
clear^Jom what we have sbited that any 
wishing to install a motor, the power factor of 
which ^vlll be unify under all cOndltioi^, wu 

always realise thus desire no Waiter what fbc 

machfoc is to drive. This 
intended for both continuous and intermittent 


work, wirh constant and variable toad and at 
constant or variable speed. 

All of the motor types referred to which can 
be designed for unity power factor can also, 
as a further step, be constructed so as to deliver 
reactive power, and thereby indirectly raise the 
overall power factor of the plant installed. This 
is brought about by over-magnetisation i.t, 
such an arrangement of the exciter that it 
supplies more current than corresponds to the 
reactive current required by the machine itself. 
We thus have a method of raising power factor, 
which, although known and appreciated for 
some considerable time, still warrants the greatest 
attention, even to-day. The common synchronous 
motor and also the autosynclironous motor under 
certain conditions should be mentioned as being 
particularly suitable for this purpose, 

Eleclricil Methods fot steadying Fluctuating Loads, 

Any source of power can be utilised in the 
best way which has so far been discovered by 
electrical ttan^nission and distribution. This 
applies both to possibilities of selling the avail¬ 
able energy at a profit, and also to the means 
which ace made available for regulating the 
aWilable and thi consumed energy. Nevertheless, 
the last named question Involves a number of 
problems which have not so far been solved. These 
chiefly concern the balancing of power require¬ 
ments against the^wer available at any time, and 
the utilisation of excess power. The efficiency 
of any installation in this respect is in general 
very far from the desired 100 

A means of increasing this efficiency lies to 
a great extent in making the load continuous 
and invariable. We must accordingly refer briefly 
to the various means adopted for this end. In 
general S distinction can be made between two 
entirely different methods, viz. the storage of 
energy and the smoothing out of load fluctuations. 

Storage, 

Regarding storage, we must naturally first 
consider the direct electrical or electro-chemical 
tnethod, i.e, the accumulator ^ttery. This 
method has, however, only been used to quite 
an insignificant extent commercially. The reasons 
.for this, viz. high cost and low efficiency, 
particularly in cases where power is generated 
and used in the form of AC, ate well known. 
The need of a really good accumulator is an 
exceedingly pressing one in these days. In spite 
of this it must unfortunately be stated that 
progrtts in this direction during the past thirty 
years has hardly advanced by a single .step in 
Mmparison with the developments which have 
been made in other branches of «lectco-tecknics, 
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It may often be wondered if the existence of 
the accumulator has not been entirely foigottcn 
in many branches of engineerings 

A method which has been known and utilised 
for a long time is the conversion of electrical 
energy into rotational energy which is stored 
in a flywheel,' and this method has been widely 
used for motors driving intermittent loads. The 
most common arrangement Is to connect the 
flywheel directly to tne motor, as is usual, for 
example, with three-phase rolling mill motors, 
or to connect a regulating set furnished with a 
flywheel between the main motor and the supply. 
An exemple of this is the use of an Ugner set 
for colliery winders or reversing rolling mills. 
In contrast to the use of such, what may be 
called, individual flywheels (one for each motor), 
it is often possible to make use of one flywheel 
for a number of motors by having the flywheel 
connected to a machine which runs otherwise 
unloaded, and works alternately as a motor or 
enerator. 'We are folly aware that this method 
as not been used to any great extent,- but 
at the same time it is well worth considera¬ 
tion. Under certain conditions it can be parti¬ 
cularly effective when it is desired to smooth 
out load peaks and to reduce the variations of 
voltage and frequency dependent on them. 

In the case of the two methods of storage 
described above, electrical enec^ is changed 
into some other form and afterwards re-converted 
and utilised again as electrical energy. In other 
methods It is possible to work with one trans¬ 
formation only. Such a method is electric heat 
storage. This can be carried out in many different 
ways. Energy can be utilised in heating water, 
which can be used for the warming of buildr 
ing 5 or as feed water for, steam boilers. It 
is also possible,to take a step further and 


to generate steam which can be fed into a 
steam accumulator. Further, energy can be stored 
In cooking stoves or ovens for heating of buidbtss. 
Valuable possibilities exist in this dlrecHon for 
storing electrical energy, although these methods 
have so for been very little made use of. 

There is another kind of accumulating effect 
which is quite different from the process described. 
In this case excess power is used for the pro¬ 
duction of a half finislied product, which is 
placed in .storage when the supply of energy 
fails, the production being again started when 
the next period of excess power occurs. An 
interesting example of this is to be found in 
the attempts which have recently been made to 
make use of excess power in wood pulp mlU.s. 
The half finished product consists of taw me¬ 
chanical wood pulp wliich is placed in suitable 
containers for storage. The technical cfBciency 
of such a storage method is exceedingly high, 
since the losses occurring are due only to the 
power which* must be su|wlied to the pumps 
for raising the raw pulp from the containers. 
The economic efficiency naturally depends on 
the local conditions and the possibility of ar- 
mnging storage containers in a cheap manner, 
riowever, as 1 cu. m. of wood pulp represents 
50 to 75 kWlt, the necessary volume is not 
great. (A container corresponding to a 10 m 
cube will represent 50,‘000 to 75,000 kWh). 

Regulation of Power Consumption. 

An installation of the kind last referred to 
can also be used to regulate the power used, 
since it can be started and stopped at will, and 
the power absorbed can be varied within wide 
limits. This also' applies to the other methods 
of storage which we have dealt with, with the 
exception of flywheel methods. 

At the same time there are relatively few 
possibilities for regulating power alone, without 
at the same time making use of storage. Most 
industrial processes require the greatest possible 
continuity in order to give the best economic^ 
result. The possibility of effecting regulation 
electrically exists, however, in such cases where 
the excess power can bemused Instead of some 
other existing source which can, without disad¬ 
vantage, be closed down. 

An example of this is the arrangement of an 
electric steam boiler working in parallel with 
a boiler fired with coal or other fuel, which 
experience has shown to be, under certain con¬ 
ditions, a particularly economical combination. 

In a similar manner electric energy can also be 
made use of for drying ovens working with 
heated air. Perhaps the power required in, this 
case is, generally, small in copiparison with the 


normal output of a modern supply system, but, 
nevertheless, this method can be of considerable 
importance for the isolated user when effective 
utilisation of the power which has to be paid 
for is under consideration. (As an example, the 
Asea works at Vesteras use 700 to 800 kW 
for such dryliw ovens, and this corresponds to 
practically halt of the power which is used for 
running motors). 

For obminJng power regulation over long 
periods of time, electrochemical and electro- 
metallurrical furnaces arc also of great importance, 
It may pe mentioned that normally an electric 
furnace for the production of pig iron requires 
approximately 3,000 to 6,000 kW. 

Parallel Running. 

'The methods described above for steadying 
fluctuating loads can in general be applied to 
any power supply. It is clear that possibilities 
of making use of them can be increased to a 
great extent by parallel working. The advantages 
ocpeirallcl operation between large supply systems 
can hardly be over-estimated witn respect to 
improving the overall efficiency. If, at the same 
time, we take into consideration the saving in 
water power (In the case of hydro-electric in¬ 
stallations) which can In general be e&cted in 
this way, it is not to be wondered at that 
this matter of parallel operation has become one 
of the greatest questions of the day. 

Regarding parallel running, it is as well to 
mention that power supplies of diifcrcnt fre¬ 
quency can now be connected up without 
difficulty by making use of frequency converters. 
Such fr^uency converters can be so designed 
that they are completely reversible, and power 
can be transfcrrecl at will from one system to 
the other, or they can be arranged *so that a 
constant amount of power is automatically trans¬ 
ferred continuously nom one system to the other. 

Finally, It may be remembered that all regu: 
lation, both of power factor and of power used, 
can be simplified to a great degree by the- use 
of automatic devices. Dtirinu the last few yeai? 
a great amount of work itas been done by 
Asea in the perfection of relays and automatic 
switches of various kinds which have been 
found to be required for the solution of the 
viuious problems which have occurred. 

It has always been, and still Is usual, to 
check the efficiency of electric generators with 
pedantic accuracy. In spite of this it is also 
just as usual to neglect almost entirely the 
question of plant running efficiency and load 
foctor. This is of the nature of straining at-a 

E nat and swallowing a camel, which has dways 
een recognized as rather absurd. 
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THREE-PHASE SQUIRREL CAGE MOTORS WITH HIGH STARTING 

TORQUE. 

The three>phase squirrel cage motor is the best depth. Thus we have to proceed in |•x•'*ct|y Ae 


example extant of an electrical machine as teg* 
ards dependability and simplicity. It has no 
commutator or sliprings, no brushes and no 
moving contacts, and the rotating winding is of 
the simplest and mechanically strongest design. 

The fact that the use of the squirrel cap 
motor has not out-distanced other types on the 
market is chiefly due to the fact that the start* 
ing torque of a machine of this kind is relati¬ 
vely low in comparison with the starting current 
(low cos (f during starting). In attempting to 
improve the starting cliaracteristics it is necessary 
to investigate the conditions during the starting 
of a slipting motor provided with a rotor starter. 
In this case the secondary resistance is high at 
the instant of switching on, and is decreased by 
operating the starter handle as the motor in¬ 
creases in speed. A number of methods have 
been tried in order to modify the squirrel cage 
motor in this respect, e.g. by using a centrifugal 
switch on the rotor, which, on operating, short 
circuits or disconnects a separate resistance con¬ 
tained in the rotor, or else alters the winding 
itself by means of reconnection. The introduc* 
tion of such contacts, however, means more 
or less a departure from the simplidty and 
hardiness which we commenced by pointing 
out as being the advantage of the squirrel cage 
machine. 

Another means of overcoming the difficulty 
is to |nake use of what is known as the ”skln 
effict” of AC, which causes an increase in the 
cJrectivc ccslshinc^ of a winding. This Increase 
depends ,on the applied frequency, so that in a 
squirrel cage rotor suitably designed to make 
use of skin effect, the resistance is high at 
standstill when the rotor current is at the full 
supply ^quency, and is decreased as the speed 

*2r 21* of the rotor current 

rails on* This has the appearance of being 

an ideal solution, but unfortunately a desien 
that 8|yes the desired ^in effect will neces* 
Mrily be found unfavourable as regard max¬ 
imum torque and power factor under normal 
ruqning conditions, since the 
magnetic leakage in the rotor is —' 3 * . ^. 

greatly increased. The construe- ® 
tion adopted has therefore to be 
a compromise between starting if 

and running requirements. J| 

The required increase in re- 
sistance due to skin effect cati 


opposite way to that which is normally adopted 
for overcoming skin effect, e.g„ in the stator 
windings of AC machines. An investigation shows, 
however, that by usi^ deep conductors with plain 
parallel sides, the effective resistance and leakage 
reactance so introduced ,ire dependent upon one 
another in a way which docs not allow a suitable 
choice of the relation between the two valttes. 

If, instead of the above, we use two circular 
conductors, one above the other in the same 
slot, and if the slot is made particularly narrow 
between the conductors, as shown in Hg. 1, it is 
possible to vary the resistance and leakage 
^tween wide limits. The two rows of conduct* 
ors in all slots are on oppo.Hite sides connected 
by separate or common short circuiting ring.s. 
Tnis winding was first suggested by Bouchcrot. 

We shall now indicate briefly, and in a mathe¬ 
matical manner, what re.sult can be obtained 
with such a double rotor winding. All voltages, 
currents and resistance values are calculated per 
phase, and the secondary values arc recalculated 
to correspond to the number of tunts in the 
primary winding. All reactances arc calculated 
nnm actiuil leakage but at full primary frequency. 
The following symbols arc employed: 
m “ number of phases. 

E - .stator terminal voltage. 

/ — stator current. 

ft - stator resistance. 

ry - resistance of outer rotor winding. 

Hr — resistance of inner rotor winding. 

X - n/ty. 

tp » resistance of the two rotor windings In 
parallel “■ 

Xi leakage reactance of stator. 

. 1 ^ that part of the rotor leakage reactance 
resulting from the common leakage field 
of tlic two rotor windings. 

-■ that part of the leakage reactance of the 
outer rotor winding, resulting from its 
Individual leakage fold, (e.g. round the 
short circuiting rings). 

r xft — that part of the leakage reac¬ 
tance of the inner rotor wind¬ 
ing resulting from the indivi- 
du.!! leakage field, chiefly 
through the waist of the slots. 

xi -k 

$ — the relative increase of to¬ 
tal leakage reactance dur- 


be obtained by making the rotor b»l leakage reactance dur- 

conductors of considerable radial doriJenMorwimtiMiwHh caused by an,. 

nigB magfietk Italtajic for Jiuwr cotidiiclors. S thc slip. 
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2. Cum* (or iMst proporliom «( rotor wimlinx* «m Ibe Mwotp- 
tioo thol llic tolol IcokoRC crortonct of Ibo owlor con br Inoci^ bjr 
50% (<■><>.»). Xhc olottinK cnmnl (f^. tloidnii locqai iPjlpaai 
pooMT (iclor at Mart (roi tr«|) are drown both fer the motor to quertlon 
(full Itaeo), and for normal motor (dolled line*). At ttRordo unlit for 

Itl *“ 

Further, used as suffixes, letters y aud i refer 
to the outer and inner rotor windings, and 
figures 1 and 2 primary values and resulting 
secondary values at standstill respectiviy. 


Total Resistance and Reactance of the Rotor. 
On starting. If i-valucs are the inductances 
corresponding to the abovcnamed x*quantities, 
we have for the outer rotor winding, 
ry /y + jet Lig Or + ^0 "f" •^r* ^r ” 

and for the inner winding 

r/ /| + jet Lig Or ^ 

or, if ctL is replaced by x, 

ry ly + jxig 0/ + L)+ jxyt ly - find — 0) 

n h + jxig (jy + Lt) +/xi» h “ (2) 

The equivalent impedance components for a 
simple rotor winding we may call rt and and put 

X, - xjy + . (3) 

Then we also have the equation 

rj /« + jxig /g + j ^x 7g " Eimi . t w 

where /, -• /y + /| 


Equations (1), (2) and (4) give us 

fy f| Cry + ri) + ryXtt^ + n Xyt^ 

/• “ (ry + n/ + r% + Xto;» 

. ^ . e*xit+rfx„+x„Xf,Cx,e-i-X(,) 

Examination shows that Xy» decreases rg. It can 
also be seen that Xg is Increased at any rate in 
certain cases. The effect of xy» is thus of no 
advantage, and this quantity should accordingly 
be made as low as possible by suitable dimen* 
sioning and location of the short circuiting rin^ 
If Xyt disappears, our formulae, using the symbols: 

ri 


can be simplified to 


rg - ry 


ry + n 

TT^ 

X* 

ii+'xy 


Xig + Xk' 


(1 + x)» 


■ - (“?■)’ 

V(^th these values of rg and Xg the starting 
cbaiacteristics of the motor can be calculated in 
the usual manner. 

In the neighbourhood of synchronism, it is 
clear that since Xi» is replaced by s • xi, aud s 
approaches 0, we can write 

n(s^9) - rp .;. (7) 

The actual secondary reactance is now 

and reduced to primary frequency 

Xify,^) - Xig + . 


Consideration of Power Factor during running 
and Overload Quraeteristics. 

The effect of the special winding arrangement 
on the running characteristics of the motor is, 
so to speak, latently expressed in equations (7) 
and (8). Power factor and overload capacity 
ate both made worse in comparison with those 
of a normally constructed motor, due to the 
increase in reactance. The total reactance with 
a small slip is 

X(tm», Xg + 

It should be remembered that lies very 
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close to the Mhiiil running value, while the slip 
corresponding to Af*,, is so great that the value 
of X can here be considerably lower. 

If we determine that the increase of X, is 
not to exceed a certain percentage so that 

X(tm9j ^ (1 + 5) • Jff . (9) 

we obtain as a maximum ' 

Jfto “ A, . ^ (1 + x)» . (10) 


Tie best Resistance Proportions for the Rotor. 

We must now determine the most suitable 
values of x with any chosen value of t By 
most suitable value we mean that which gives 
the greatest starting torque in relation to the 
starting current, i,e. the highest power factor at 
starting. If in determining this maximum value 
we disregard the action of the magnetising current 
at starting and also the primary resistance, which 
is allowable as the maximum is not very marked, 
we can put 


tan q>ti 




which, with the help of equations (5), (6) and 
(10) gives 


tan gpti ^ 


X, 



If this equation is differentiated with respect 
to X and equated to zero, we obtain that value 
of X which gives the least tan q>s, and accord¬ 
ingly the greatest cos jp,/ with Ae values of 




1 + 

A+o+^) 

(^r 

« A . 

s-.. 


( 12 ) 


... wsw AiiiM iivw uic quanniy or 

copper corresponding to should be divided 
between the inner and outer conductors. We 
«n, for example, construct a curve giving the 
best values of x as a function of t^X, for 


a given value of g. This is done in fig. 2 for 
5 " 0.5. The value of Xg is generally fixed by 
the size of the motbr, number of poles, air gap 
etc., and fp must be chosen with regard to the 
temperatum rise and efficiency. Thus, rJX. is 
detennlned from the beginning; it should na- 
be kept as large as possible. 

The fact that f has been chosen - 0.5 sign!- 
L . original total reactance is increased 

by 50^. After the introduction of the special 
rotor winding the original power factor of e.g. 0.9 
™ Is reduced to about 0 . 06 ^ provided 
tlut no special alteration for improving it has 
been made at the same time, by increasing the 


number of slots or otherwise. From the curve 
immediately find for this value 
of § the best proportion between the cross sec* 
tional area of outer and inner conductors (if 
both are of the same material). 

The value of x^^Xg is then obtained from 
equation (10). This is also shown In fig. 2, 
Fi^m this value wc can in the ordinary way 
calculate the relation between the depth and 
width of the waist of the slot, fig. I, The dimen¬ 
sions of the mtor winding are thus fully deter¬ 
mined; It only remains to settle less Important 
matters of detail. The short circuiting rings for 
1 L conductors should be made 

with the least leakage. If their resistance is notice¬ 
able bv comparison with that of the conductors 
themselves, this can be easily corrected. 




Fig. X Cum* for rttiultant toul foalMgr iwctiukce (A), secondary w- 
ibtance <|^), primary oirrsnt (/) and locqiic {?«). all at fonctiont 
of the spoad or slip of the motor bdng starlad ai any imtool. The foil 
JiM curvet refer to motor /Hmenitoned in accordance with Z The 
dotted lines refor to normal motor with the same total cross sectional 
area of copper in tbe^ rotor. For data etc. of motor, see text. 










It is worthy of note that the best value of x often 
Is > 1, the Inner conductors thus being the smaller, 
and this is so to a greater extent the larger we 

choose tp. We 
might other¬ 
wise have 
thought that 
the cross sec¬ 
tional area of 
the Inner con¬ 
ductor should 
be chosen par¬ 
ticularly latge, 

rig. 4. Rotor tAlh ;«(• winding*, j^d that of the 

for .HUto or 10 h. 0 .. I.«0 r.p.«u 

or particularly small, so as to 
secondary resistance at starting. 
however, during normal running when tbe rotor 
current is divided fairly evenly over the whole 
cross section, a iaige part of the current would 

E ass thtough the inner conductor whiw nas 
igh leakagCi'^and § would become exceedingly 

? L*oat and cos during tunning much too low. 

7i« indicates a definite limitation fov motors 
employing this merfiod of slatting* 

Starling Current and Starting Torque. 

Using the same approximations as before, 
the starting current is given by the expression 

/„ ^ . (13) 

V(x, + X,)* + fg* 

which, with the help of equations (5), ( 6 ), (1®)» 
and ( 12 ), can be expressed as a function of 5 , 
rJX. and £/X.. In fig. 2 la is drawn for 
5 — 0.5 with Elk, as a unit. Taking the no load 
current and primary resistance into consideration, 
can, easily be obtained graphically, or alter¬ 
natively the value of the curve can be corrected 
by a suitable factor, e.g. 

k - -.. (14) 

* , -"gj I ■ nrg 

‘ + T5r*r.‘+fe+^7 

where X. denotes the relation between the in¬ 
duced voltage and the magnetising current. 

The starting torque expressed, as po^r 
synchronous speed, (’’torque power ) Pat .1* 
calculated in analogy with the starHng current as 

P^l~mEfa cos (Pa - i« ^ 

» number of phases) which is indicated in 

fig. 2 with ^ as a unit. The correction factor 

is the square of the correction factor fqr 4i, 
f,«, **, See equation (14). 


The power factor is indicated in fig. 2 as 

The correction factor is naturally the same as 
for ./tf, i.e. i In accordance with equation (14), 

Torque and Current during Acceleration Period. 

Afajnmuin Torque. 

From equations (5) and (6), rg and x, can 
be calculated for different cunent frequencies in 
the rotor, i.e. for different values of slip. As an 
example a motor has been calculated out having 
rpIXp =• O.JK, g "• 0,5 thru giving the best value 
of X - 1 and Xit/Xg - 2. Further, it has been 
assumed XtjXg “ 20, XjXg •<* O .4 and r, “ 0, 
Fig. 3 .shows the result obtained as a function 
of s, together with corresponding airves for a 
normal motor with xir*0, but otherwise the 
same. The curve of torque has been, practically 
speaking, levelled out; the actual advantage lies 
in tl»e decreased current. By choosing the 
dimensions of the windings and slots In a 
somewhat different manner, wc can obtain a 
torque curve which is actually inclined down¬ 
wards right from the standstill (s — 1). Such 
a motor will not fall "out of step” If the load is 
too great as in tbe case of an ordinal^ three- 
phase motor, but will gradually decrease in speed, 
picking up again 
when the load 
falls off. In spite 
of a higher price 
such a motor is 
to be recommend¬ 
ed in certain ca¬ 
ses, as it permits 
a complete reco¬ 
very of all energy 
stored In rotat¬ 
ing masses, with¬ 
out at the same 
time giving rise 
to a weakened tor¬ 
que, which would 
make .reaccelera¬ 
tion Impossiblei 

In cases, where the torque curve shows a marked 
peak for s < 1, the maximum torque can be cal¬ 
culated in the following way. Tbe slip corres¬ 
ponding to this value Is first taken to be 

«_^ 

mast) 



FIs. 5» Exicfital vi«w of motor for 
1400 r^p-m. 




X, (1 + S) 


Afterwards ri and Xa are calculated foom equa¬ 
tions (5) and (6) with In equation (5) and in 
the • denominator In equation (6) substituted 





by Xft • 5 (aismww)* a new corrected r-valne is 
calculated with the values of rj and Xi so obtained. 


and with this revalue rj and Xj can be further 
corrected. Lastly, can be calculated in the 
usual manner, e.g. 

\ 2 (Xf + x^j 

where m — the number of phases and Xo -• in¬ 
duced voltage: the magnetising current. It makes 
the matter clearer to draw part of the curve 
F* * f(s) so that the maximum value can ^ 
read oK direct. 

Cottdusion. 

For a relatively small increase in price it is 
possible by the use of the double rotor winding 
described to improve the starting characteristics 
of the squirrel cage motor within certain limits. 
Generally speaking, it should be possible by 


making use of Y/A‘Starting, to expect a starting, 
torque of 75 ^ with a starting current of J50^| 
provided that the .speed I.s not too low. In pan 
ticularly favourable cn.sc.s better resulKs can be 
obtained. A slight disadvantage of the motor is 
dtat the power factor during actual running is 
somewhat worse. In cases where power factor cor¬ 
rection is effected by one or more laigc syn* 
chronous machines this condition is of much less 
importance. A further point to be noted is that 
the maximum torque of the motor Is somewhat 
reduced. It shotilcf be remembered, however, that 
the ordinary .squirmi cage motor lias in general 
such a high raaxiiiHun torque that a |iart of 
this can usually be sacrificed without cnclange^ 
ing .satisfactory running. And, as already pointed 
out, die special .shape of the tOK|iic-slip curve 
attained kssens the danger of the motor's falline 
”out of step". What is not alkcted to any 
degree, and still represents a big advantage with 
this type of motor, is the reliability and inslg. 
nincant attention required. r 
Figs 4 and 5 show a motor of the type de¬ 
scribed, for an output of 10 h.p. at 1,500 r.p.m. 


TRANSFORMERS FOR RURAL ELECTRIFICATIONS. 


The characteristics which denote a good trans¬ 
former are covered.with a few exceptions, by 
the requirements of good economical working. 
&onomy in a transformer means that the cost 
of transformation of the electrical energy must 
T' **** made up of capital charges 
and depMclation, cost of repairs and mainten- 
ance, and the cost of the energy absorbed by 
To keep the maintenance 
c<»ts low the transfonner should be highlv 

‘o«*P«ience,demotes 
must be able to withstand 
the elMtrical and mechanical stresses arising In 

witn the electrical load without any of its Darts 
thfif^ « dangerously high tempemt««.*^ jS 
the choice of the best transformer irdiariv 
to**^ problem, excessive attention 

*'PV*** will adversely 
which is sought al 

folJ^o tha't 

»»<« ii» JSTto L 


cconomiral to alter the construction so as to 
obtain cheap first cost and low Imnsfonncr 
losses so much a.s to lower the a>llnbility, and 
thereby increase the repair and maintenance 
cbatffcs. Since, a.s in most technical i>n>blcms, 
we have to con.sidcr a number of partly un¬ 
known factors. It follows that a definite single 
Ktwi” compromising 

talrly close to the correct solution. The idea of 

DoinEThf j ** a number of 

/ 2 i experience of 

rural choice of transformers for 

flSic# •’ direct in- 

economy of such schemes, 
dnsformers for rural supply DiirDoscs arc 

* "“i wSTr 

foimcts^fop **w^*-**>ptcd with tr*ni- 

« Industrial use. Compared with the 

tension The connections to the low 

lln« of eln«U ®®'“‘st of overhead 

fo« and tension 

conn;i4ed at they are 

satiSl carried out in .i rather un- 

lows from thi- ®![‘'''^®'^'”®nllkc manner. It fol¬ 
lows from the ^bove that distribution trans- 
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formers for country installations must be de¬ 
signed for various disturbances, arising espe¬ 
cially from atmospheric sources, lightning etc. 
and also from short circuits in the installations 
connected to the low tension side. 

On these distribution schemes properly trained 

! personnel as well as shops for repairing trans- 
brmers arc often lacking. This means that re¬ 
pairs are costly, .is expensive carriage charges 
or travelling expenses of erectors arc insepar¬ 
able from them while a repair is always In any 
case a special Job. Repair work is accordingly 
of necessity expensive. It is no exaggeration to 
say that the average cost of a repair is about 
equal to half the price of a new tramsfermer. 
In this connection we have hot attempted to 
estinuitc the cost of the inconvenience which 
follows on a cessation in the supply, and which 
in certain circumstances can be particularly 
serious. 

In the Swedish Standardisation Rules certain 
minimum requirements regarding strength of 
insulation between windings, and between wind¬ 
ings and iron, and between turns are spe¬ 
cified, or at least recommended. The question 
at once arlsc.s: .ire these specified requirements 
sufficiently severe to ensure economical reliability 
on transformers for rural electrifications? Investi- 
gations on a number of distribution transform¬ 
ers, designed for working voltages on the high 
tension side from 1.6 to 10 kV, which were 
repaired by Asea during the years 1920—1921 
have provided some interesting results. 

In 90 of the transformers, the high tension 
winding was found to be damaged by short- 
circuits between turns. 


75 ^ of these the shortcircuits were only in 
the low tension winding, whereas the others 
had faults in both windings. 

In 17 ^ of the transformers the faults seemed 
to indicate flash-overs from the high tension 
winding to the low tension winding or to the 
iron. At least half of these apparent break¬ 
downs, however, were probably caused by burns 
from short-circuits in the windings. Of those 
cases, where the flash-overs seemed to have 
been the primary cause of the faults, 90 JIf had 
the high tension winding wound directly on 
the low tension winding with an intermediate 
insulating cylinder. 

In 2 ^ of the cases flash-overs from the low 
temion winding to the core had occurred, 
probably during thunder-storms. 

Finally 1 ^ of the faults were caused by. 
continued overload with the result that all the 
insulation was. completely carbonized. 

An examination of the figures obtained shows 
without any doubt that the greatest weakness 
of the faulty transformers lay in the insulation 
between turns. This was in 98 Jb of the c^s 
carried out with paper used during the war 
owing to lack of cotton. The short circuits 
were, however, evenly divided over the whole 
winding, and not confined to the coils near 
the terminals at the ends of the winding.. In 
many cases short circuits had occurred in the 
high tension coils at the inner side close to the 
low tension winding, and appeared to have 
occurred as a result of the non-provision of an 
oil dnet between the two windings. 

In order further to Investigate the power of 
resistance of small transformers to strains of 


In 21 ^ of the transformers, short-circuits in 
the lowtcnsion windings had developed. In 






various kinds, several years ago a number of 
tests were carried out on 10 transq>rmet8 of 
25 and 50 kVA, 12,000 volts 
manufactured in 1920. The tests 
included switching on and off at 
full voltage a number of times 
with an oil switch not provided 
with charging resistance, excess 
voltage and over-magnetisation 
tests, wave front tests by connect¬ 
ing and disconnecting a condenser, 
and short circuit tests. The result 
of these tests showed that the bt- 
sulation between windings and to 
iron and between turns was par¬ 
ticularly strong- Over-magneti»- 
tlon and condenser discharge itp 
to 80 kV did not cause any defects 
to develop. On short circuit, how¬ 
ever, a number of weaknesses were 
discovered. Tlie power behind the 
' transformers was 800 kVA. Among 
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other things it was shown that the coils and 
insulating material had not sufficient mechanical 
stability to withstand the mechanical stresses 
arising on sirort circuit without damage. In a 
number of cases, after SO sliort circuits, the 
high tension windings were found to be ex¬ 
ceedingly loose on the cotes; the coils had 
twisted etc. It appeared certain accordingly that 
the greater percentage of short circuits between 
turns on the high tension windings of trans¬ 
formers repaired by us is to be ascribed mote 
to the lack of mechanical stability in the coils 
and mechanical tensile stress in the paper In¬ 
sulation used, than in low insulation strength 
between turns. 

Making use of the information thus obtained 
it ajmeats that specifications for distribution 
transtormers should, in addition to the usual 
standardisation requirements, combine a number 
of extra reflations approximately In accordance 
with the blowing: 

All insulating material used should be me¬ 
chanically hard and compact and should not 
shrink too much , under pressure. 

Alt coils should be mechanically compact and 
stable. ThIsJs most simply obtained in a .satUCactory 
manner by vacuum impregnation of the finished 
coils with oil resisting varnish or compound. 

The mechanical construction of the windings, 
insulation and winding clamps should be such 
that the maximum of safety is obtained on short 
circuit. Even if short circuit tests cannot be 
conducted in the test room, an Investigation of 
the construction and design should be carried 
out to see whether the guaranteed safety against 
short circuit is present or not. 

The insulation between the high tension wind¬ 
ing, on Qne side, and the low tension winding 
and iron, on the other side, should 


without an oil duct is not satisfactory, unless 
a very heavy insulating cylinder be placed 
between the windings. 

The load conditions of transformers for rural 
electrification are not less peculiar than the con¬ 
ditions of installationt A transformer for this 
work is chosen with regard to the maximum 
load which often only occurs during a few weeks 
in the yean during the rest of the year the 
transformer works, practically speaking, on no 
load. It follows from this that during a great part 
of the year the energy supplied to the transformer 
is dissipated in the form of no-load tosses. Cases 
exist where the no-load losses of a distribution 
scheme reach, during the year, a larger value 
than the actual usend energy supplied, Vl^th 
special regard to this fact most firms have on the 
market a special series of transformers designed 
with smaller no load losses and larger copper 
losses than the usual standard. These commonly 
cost rather more, but arc considerably more 
economical to the buyer on amount of the 
decreased energy supplied for iron losses. At 
the same time a decrease in no-load losses must 
not be purchased at the expense of reliability 
on the part of the transformer. 

The requirement of great reliability involves, 
among other things as stated above, that no 
parts of the transformer shall in working reach 
a dangerously high temperature. In order to 
make certain of such teliabillty the Swedish 
Rules require that with continuous service with 
an output as shown on the transformer data 
plate, the temperature rise in the hottest part 
of the oil shall not exceed that of the cooling 
medium by more than 60" (under certain con¬ 
ditions 55"), and further that the temperature 
rise of the windings determined by increase of 


not occur with excess voltages of 
short duration, of a magnitude 
for instance, equal to the flash- 
over voltage of me leading through 
bushings according to the Swedish 
Rules. Even if a flash-over or a 
breakdown does not occur, brush 
dischaige can, in a short time, 
gi^tly damage the insiUation be¬ 
tween turns so that a short circuit 
will follow. Vacuum impregnation 
of the coils decreases the dat^er 
of short . circuit between turns 
caused by brush discharge at the 
surface of the coils. From this it 
follows that an arrangement with 
the high tension winding woimd 
directly on the low tension winding 
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resistance shall not exceed the temperature of 
the cooling medium by more than 60°. The 
cooling medium is here assumed to have a 
temperature not exceeding 35^. On carefully 
investigating what is implied by these require* 
ments we fmd* that a highest temperature in the 
hottest pact of the windings of about 110° is not 
considered detrimental to the transformer, even 
on continuous load. 

The effect of temperature on an insulating 
material of organic nature such as paper or 
cotton, manifests itself chiefly in a lowering of 
the mechanical strength. The electrical breakdown 
strength is maintained practically unaffected 
until carbonisation begins. The effect of heating, 
besides being* dependent on the actual tempe¬ 
rature, depends greatly on the time for which 
the heating endures. For cotton and paper im¬ 
mersed in oil the following roughly approxi¬ 
mate table may be used to assist in determining 
the effect of temperature; the table gives the 
time taken t<^ damage insulating material to the 
same extent with various temperatures. 

Table. 

Temperature: °C UO 120 130 140 150 

Time in hours. 100,000 10,000 1,000 100 10 

A temperature below 80 to 90° has, prac¬ 
tically speaking, no effect on insulating material 
immersed in oil or protected in some other 
way from the action of air. 

Transformers for the service under considera¬ 
tion have commonly been chosen with a capacity 
at least corresponding to the greatest motor 
load which will be thrown upon' them, and 
this capacity determined with regard to the 
temperature rise allowed by the Swedish Rules. 
Such a transformer is unnecessarily large. A trans¬ 
former which is too big means an unnecessarily 
high first cost and above all no load losses which 
arc unnecessarily high. A proper selection of 


r 



the size of a transformer is most certainly one 
of the most important ways of reducing the 
no load losses on a distribution scheme. 

A transformer of the type and size In question 
requites a time, of from 12 to 15 hours to reach 
a constant temperature with a certain constant 
load. A motor of corresponding size reaches a 
constant temperature in from 2 to 3 hours if 
of the open type, and if enclosed in 6 to 7 
hours. A normal working day seldom exceeds 
10 hours, including a lunch pause. Before and 
after use on such a working day the transformer 
runs practically unloaded. It is clear that, on 
account of the very limited time which the 
greatest load is on, a transformer dimensioned 
in the manner referred to above never reaches 
the temperature rise which is allowable. 

Further, the number of days in the year 
which a transformer subjected to an agricultural 
load tuns, fully loaded are very few. 14 days 
full load running per year is not uncommon, 
To be quite sate we can reckon on 50 days. 
Vl^th regard to the heat capacity of the trans¬ 
former just referred to, it will. be seen that the 
temperature only reaches such a value as to 
have any effect on the life of Ike transformer 
during a very small part of the day. An as¬ 
sumption that a daily load corresponds to two 
hours' running with the highest temperature is 
still considerably on the safe side. During the 
remainder of the year the load can be neglected, 
as the temperature reached lies under the limit 
at which any action on the insulating material 
is brought about. A year accordingly corres¬ 
ponds, with the assumptions just made, to 100 
hours' working with the maximum temperature 
reached. Taking a life of 20 years, which is by 
no means too short a time, the maximum tem¬ 
perature reached should be chosen to correspond 
to an action of 2,000 hours, which in accordance 
with die approximate table given above corres¬ 
ponds to about 128°, or 1^ above the tem¬ 
perature allowed by the Rules. 

Lastly, the Rules for limiting temperature rise 
start from the assumption. that the cooling 
medium (that is to say, in rural distribution 
work, the air) does not exceed a temperature 
of 35°. On an electrified farm the greatest load 
takes place when threshing is being done, and 
this comes at a time of year when the tempe¬ 
rature of the air at the conclusion of a working 
day cannot possibly reach 35° C. 20° would be 
a much more correct value. As it is the highest 
temperature existing in a transformer which is 
limited, it follows that a reduction in the assumed 
temperature of the windings makes possible a 
corresponding increase in the temperature rise, 
/,«. the transformer can be more heavily loaded. 
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l£ attention is paid to the heat capacity of 
transformers of the agricultural type, to the 
shortness of the maximum loads, and the low 
air temperature when the maximum loads occur, 
it is found that the transformer chosen for the 
greatest motor load in accordance with the 
Swedish Rules for temperature rise, can be 
overloaded 20 to 25 % without in any way 
endangering the reliability. Conversely, with a 
given motor load, a transformer can be chosen 
foe about 20 % less output, determined by the 
temperature figures just given. A reduction of 
the nominal transformer output by 20 % means 
a reduction in the no load losses of about 10^, 
while at the same time the first cost is reduced. 
The danger in making such a reduction in the 
transformer output for country eiectrification 
will be seen to be very small. Cases in which 
transfonners have been damaged as a result of 
long continued overload.^ are, in Asea's expe* 
rience, very few, and in addition they Iwvc 
usually only been made possible by failure of 
the protecting devices to act. As motors teach 
their final temperature on load more quickly 
than transformers it will be seen that the former 
really act as a protection for the tatter, since 
an overload will first be evidenced in the mo¬ 
tor or motors, (n order that the transformer 
output may be reduced without disadvantage it is 
necessary, however, to consider the load to which 
the motors connected to it will be subjected. 

It is not clear without further investigation 
that the series of transformers at present in use 
with small no load losses ate suitable, without 
any alteration, for overloading as stated above. 
It must be noted for instance that the voltage drop 
on maximum load must not be so great as to 
cause trouble in this respect. In Germany a 
reduction in the output of transformers used on 
farms has been attained by Introducing special 
nUes for agricultural transformers. The suitaM- 
ity of such special rules for agricultural machi¬ 
nery is considered below. 

Having dneribed the conditlonswhich aSeettbe 
economy of transformers for rural supply, and 
shown that the requirements cover great dependa* 
bllity and low no-load losses besiMS making de¬ 
sirable the introduction of special rules regarding 
temperature rise, we shall now give some parti¬ 
culars in a numerical form touching the two ques¬ 
tions last referred to. For this reason investigations 
have been made which were limited to cover only 
the standard type of transformer which Asea has 
constructed for a considerable time, viz. the cote 
transformer with cylindrical windings. 

The question wnich first comes up for con¬ 
sideration is that of no load losses, the magnitude 
of which as stated above has a very considerable 


effect on the economy of such transformers. It may 
be wondered if the magnitude of the no load 
losses can be altered as desired, by altering tlw 
construction, between any limits whatever, and, 
in this connection, how the price in such cases 
is dependent on the different constructiom. 

Investigation of the various types in use 
shows that the no load losses can be consider¬ 
ably varied, although their magnitude is limited 
between an upper and a lower value. We shall 
now investigate these limits more closely, and 
will deal first with the question as to whether 
a transformer with a constant output can be 
constructed with no load losses ot any mag¬ 
nitude. An increase in the losses has of course 
no practical interest unless the price of the 
transformer can be reduced at the same time. 
The no load losses, are, as is well known, constant 
X weight of iron x (induction)^ As an increase 
in the weight of iron does not usually decrease 
the price, ibis weight must be reduced by in¬ 
creasing the induction in the oore. By this 
means the number of necessary turns on the 
winding is lowered, and the copper used is 
decreased, so that a lower price results when 
the no-load losses are raised. It is easily seen 
that the price carmot be advantageously de¬ 
creased in this way, if we remember that the 
no load current increases rapidly with increasing 
induction. The no load current accordingly limits 
the upper value of the no load losses. Trans¬ 
formers of the size here in question ate usu¬ 
ally designed with a no load current reaching 
10 to 15 jif depending on the output and voltage, 
and these values cannot usefully be exceeded. 

The next question which arises is whether a 
transformer can be constructed with no load 
losses as small as may be desired. An appre¬ 
ciable lowering of the no load losses implies a 
lowering of the induction in the core.^This 
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means that a large number of turns must be 
arranged on the winding, which means an In¬ 
creased weight of copper. The price of the 
transformer is accordingly increased. At the 
same time the number of ampere-turns in the 
winding is increased and the short circuit voltage 
of the transformer largely depends on the 
magnitude of this figure, the short circuit voltage 
increasing with an increased number of ampere- 
turns. 2Ae short circuit voltage determines the 
lower limit of the no load losses. The limit for 
the short circuit voltage is, as previously stated, 
not exactly fixed; a value of 8 ^ at full load 
robably should not be materially exceeded, 
ut is tolerable in view of the fact that these 
transformers are in general provided with tap* 
pings for 5 by the help of which the high 
short- circuit voltage and voltage drop can be 
counteracted to a certain extent. 

A large number of Asea transformer types 
have been investigated to find how the price, 
copper losses? and short circuit voltages alter 
with the variation of no load losses between 
the two limits found above, and the results are 
given in curve A fig. 1. Both price and no 
load losses are shown as a percental of the 
value of the cheapest transformer, and the curves 
are drawn for voltages of 3.3 and 22 kV. It is 
seen that the no load losses can be brought 
down, by reducing the induction, to about 35 
to 40)lf of maximum value, depending on the 
working voltage, a reduction which is consider¬ 
able, as the price is at the same time not raised 
by more than 30 to 45 With the power 
charges now ruling and with the load conditions 
whiw these transformers have to meet, this must 
in most cases be regarded as showing a con* 
siderable improvement in the economy of the 
transformers. It should be noted that the re* 
lotions vary somewhat with different transformer 
sizes, and the curves given should be regarded 
as mean values obtained from investigations on 
sizes of 10 to 50 kVA. 

Further, the particulars* given in curve A arc 
based on a temperature rise of 55^C in the 
windings .corresponding to the permissible value 
in accordance with international standards. The 
corresponding temperature rise allowed by the 
Swedish Rules is ^C, and by the German 
Rules 70^C, while the new German Rules co¬ 
vering special requirements for agricultural 
transrormers in certain cases allow lO^C. An 
investigation of the extent to which these tem¬ 
perature requirements influence the price and 
no load loss of the transformer is of interest, 
and especially so regarding the question of the 
extent to which the lower limit, referred to 
above, for the losses is affec|ed. The increased 


temperature rise allowed should obviously be 
utilized to reduce the price by saving materUl, 
which can be done in two different ways. The 
current density in the windings can be increased, 
or the cooling surface of the tank or the outer 
dimensions of the tank can be reduced, which 
brings down the price both for these details and 
the necessary quantity of oil. However, the di¬ 
mensions of the tank are often limited by piwely 
mechanical considerations, and when this is the 
case it will be seen that it is in general most 
suitable to use the first method, increasing the 
current density. It follows from this that less 
space is required for the windings, and this 
further affects the short circuit voltage of the 
transformer, this being incretised. But in the 
foregoing it has been seen that the short cir¬ 
cuit voltage determines the minimum value of 
the no load losses, and accordingly this limit 
should not be exceeded as a higher temperature 
rise is allowed. It follows from this that the 
induction in the core must be somewhat increased 
in order to reduce the short circuit voltage to 
the allowable value, and by this necessary in¬ 
crease in the induction the no loivd losses are 
increased with the temperature rise. In curve B 
(fig. 2) the same types have been used which 
furnished the material for curve A, but this time 
constant short circuit voltage has been main¬ 
tained and the temper.nture varied. The curves 
obtained are of course still mean values; in tliis 
case however no tendency depending on the 
difference in the working voltage can be noticed 
so that only one curve holding for voltages 
from 3.3 to 22 kV is given. 

In this connection it is of course most in¬ 
teresting to examine the dangerous effect of the 
temperatiure, and in this respect curve B gives 
less information, as in this both price and no 
load losses are variable. It is clear, however, 
that by a combination of curves A and B, 
curves can be obtained which are at any rate 
approximate, showing the variation of one of 
tne magnitudes when the other is kept constant. 
These results are given in curves C and D 
(figs. 3 and 4). Curve C, shows the effect of the 
temperature allowed, bn the price with constant 
no load losses. Raising the temperature limit; from 
55 to 70*’C permits, as shown, a price reduction 
of from 8 to 10 jif depending- on the working 
voltage. Curve D shows the effect of the tem¬ 
perature rise .illowed on the no load losses 
with a constant price. The reduction of these 
is very considerable, and in the belief that our 
customers receive better service with these low 
losses than with unnecessarily limited tempera¬ 
ture rises, we recommend that such transformers 
should be designed with a temperature rise of 
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60^C in the oil and 70°C in the windings. As has to be cut in fwo, but the tran.sforincr is 
regards the correctness of these requirements nevertheless .recomiuended for u.sc up to double 
we refer to the first pact of this article. the capacity thus determined. A limit delcrniined 

In the German Rules which have been issued in this way, intended to be continuously ex- 
(see E.T.Z. 1922 No. 12), it has been rea- ceeded by 60 appears rather artificial. In 
soiled that as normal power transfonners can this connection it should be olwervcd that the 
in their experience be worked with temperature high capability of overload, 60 and 100 ^ 
rises up to 70°C without disadvantage, the corres- resp., has been made possible only by the in- 
ponding limit for agricultural transfonners can be troduction of this lower limit. The high over* 
placed higher. The standard allowed accordingly load capacity is namely always pointed out as 
is a rise ofSO^’C in the windings. As agricultural a characteristic feature of these transformers, 
transformers in the latest edition of the V.D.E. Nothing prevents further steps in the same 
standard have been dealt with by the inclusion direction. The nominal output of the aliovc 
of certain special requirements, it is of interest transformer may, for instance, be given as 20/50 
hew to review some of these more closely. kVA giving an overload capacity of 150 
The output of such a transformer is given It slould also be noted that when giving the 
with two limits^ e.g. 25/50 kVA, This means output In such a way the purchaser should 
that in accordance with the Rules the normal satisfy himself as to the particular output on 
output of the transformer Is 25 kVA, but it which the guarantees are based, as amisundcr- 
can be overloaded 100^ to 50 kVA. The tern- standing on this point may make the figures 

fovourabic than they actually*^ arc. 
and afC in the windings, but the time of the Explanation of this is to be sought in the fact 

flvrirorkliJr^d llTsnft h ‘•’•V circuit voltage and 

rive working and to 500 hours per year* Gan voltage, drop arc gtiaraiiteed on full or hnll^ load 

of the transformer is risked by the higher tern- limit. It is obvious that in ihfemaniier be tcrX?a 
JTirJ® by the particularly narrow are obtained than If ihc correspS^^ 

sr„,terwSh‘'rt.rrf ir* '”'«4 

the soiia^ X a! 1 sation Rules has the following guarantees- 

EtX,7 ^!Jt Taking into account Efficiency at full load ..._ Bwaranttts. 
r *n«e transformers ate-often In the hands . half ■. ^ 

GcrXJ^standalSsXil'R^^ *'** Short circuit.Voitagi i:!!::::::::::*:.5? i 

!!r ^ *be <)ulpu^ Ohmic voltage drmi !. i ^ 

that there is cSdeXwe risk Xf oJerlS^^ .i,Va rt* i 

««d if this occurs the transformer will soon ^*11 12.5 kVA. Easing the 

imaged. Justlficiiflon for tbSrSLndardrmurt *be power output limit, the fol- 

further be sought in the reduction in orice and Pflft lower guarantee figures arc obtained: 

losses which:ih% makepoS mK^^^^ kVA) ;. 95.« ^ 

to curves C and D it ma^be noted that the Sto ek t u ^ •••• ^ 

per cent. Inouropinion, therefore these^^^^^^ «l|»Palf«inoad(50kVA) 3.» fi 

allow higher tempe^iircs Ihah . arc advisable T allcnlloh to these 

ii * ,\rther spteiifi^ that the temberatur^ ftnr#.' ,:«* k'^ oalculatlonj as from the correspond- 
linits of the Rules shall not be' exceec^d oiii a com*T* OMstomers we have 

COII//IIUOW overload of 60 X counted fromX % »**e conclusion that these German Rules 

Poww »mJt. thus In ^he aboVe SnSe Z being misinterpreied as regards 

to Under these circumstances It is difficult Jir ^ Pf •“** we have touched upon, and 

of the lower lim t Zh 7. ®»"«f“bircsjivhen directly compared 
( kVA). The Rules give the voltaee <lrnn ac guarantee figures given, accordingly 

a reason. On this account the normafloJd §,Js deSTfrom fhe‘"k"'®' i Arence, it will hi 

IWkVulm^Ua. AIIA«KbrH»Hn«C.. 
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GEtfEI^AXORS FOR RAANAASFOS POWER STATION, NORWAY. 



Fij|. Sfjitor of one of the fitncrators cmteJ in the ihopf. 

The Raanaasfos Power Station is situated an output of 12^000 kVA, cos (p »0.7, and 
on the Glommcn near the point where the 107 r.p.m.. They arc of ordinary horizontal type, 
railway between Oslo and Kongsvinger crosses totally enclosed and self ventilated, as Indicated 
the rlyer.^ The power station has been built and in the figures. Asea has of course supplied 
is owned by the Akershus County.. Work many generators for larger output, but these 
was commenced in 1918 and the plant was particular machines arc somewhat special on ac- 
originally designed to include six machines, count of the low speed, which causes them to be 
although in the first instance only four were among the largest which we have so far constructed, 
put in hand. These original machines were In spite of the low normal running speed, 
supplied by British and .Swiss firms, and before the possible runaway speed is particularly high, 
they were completed it vas decided to proceed and in the worst case can reach 205 r.p.m.. For 
with the remaining two units. Asea was sue- a machine of this nature a great number of 
cessful in obtaining the order in the spring of constructional difficulties occurred which are 
^921 for the last two machines, in competition not present In machines running at higher 
with practically all the large electrical companies speeds and having smaller rotor diameters. In 
in the world. The order Included the two gc- the first place the relatively low peripheral 
nerators, together with the necess<nrry trans- speed gives rise to considerable difficulty In 
formers and switchgear* The plant has now been obtaining adequate ventilation, and In the se- 
running for some time, and some particulars cond phnee, owing to the high possible runaway 
regarding the generators can be given which speed, the rotor construction presents a problem 
will probably be of interest. which is hard to solve, since from the transport 

The two machines are for three*phase alter- point of yiew it is necessary to divide the 
nating current at 50 cycles, and designed for rotor along the diameter.. In the present case 











Fig. h Rotor of ooc ol tiM gtnoraton. 


the difficulties were considerably increased as 
the rotor was made from cast iron and not steel. 

Construction from cast Iron was made pos¬ 
sible by the particularly high class material which 
is turned out by out foundries for exacting work, 
giving good ductiUly and high tensile stwngths 
The quality of the metal was controlled Ijy 
taking a number of test specimens from the 
rings, these test pieces being removed from the 
points where bolt boles were bored. As each 
hole was bored careful investigatioU was made 
to ensure that the rings showed no porosiW. 

As the number of holes for bolts fixing the 
poles etc. was very high, a very good guarantee 


was obtained in this manner that the castings 
were not faulty in any way. 

As will be gathered from the figures, the 
rotor Is divided into four parts. Into two along 
the diameter, and further on a plane at right 
angles to the shaft. In this way a wide venti¬ 
lating duct Is obtained In the middle of the 
rotor, which is necessary for cooling on ac¬ 
count of the relatively great length of cote 
plates and the difficult ventilation conditions 
due to the low speed. The semi-clrculat .parts 
are held together by two large nickd steel «ps 
which are dirunk on to carefully machined 
cylindrical seatings on the cast Iron rings. 






36 


ASEA-TOURNAL 



I'i*. 3. I2M0 kVA ikcce-pko* itenmlor for KMnusfo> Ifowtr Sliikm. N«cw«y. 


These shrink ceps thus hold together the two 
seinicirculat perts, and also keep the two ver¬ 
tical sections togetliei^ in the centre of the cap 
there are thus two divisions at right angles. 
In addition, the semicircular parts are held 
together, by heavy bolts on the Inner side of 
the ring. These bolts, however, are only sub- 
Jected, to a small part of the centrifugal stresses, 
as, the resultine tensile stress in the ring falls 
practiully at the foot of the surfaces retained 
by the cap. On account of the increased di¬ 
mensions of the magnet wheel in the neigh¬ 
bourhood of the joints, there is an extra cen¬ 
trifugal foKe ofap- t __ 

proximately260tons 
at each of these 
points, and the di¬ 
mensions of the arms 
must accordingly be 
increased to prevent 
the wheel being de¬ 
formed from its true 
circular shape under 
the action of this 
additional force. If 
this were not done 
dangerous deforma¬ 
tion stresses would 
arise. To enable the 

arms to deal with this 

force, it is not only 
necessary that they 



4. One of lilt geiftnlon undtr tmlion in Ike |Niw«r 


should be sufficiently strong, but also that the 
hub of the wheel should be sufficiently heavily 
desigMdj attention has been paid to this point, 
and the hub Is also provided with heavy steel 
shrink rings. The poles, which arc made from 
Sieniens-Martin steel with laminated pole shoes, 
are held by screws to the magnet wheel. In order 
to prevent the possibility of the poles, under 
the action of centrifugal force, giving the cast 
iron wheel rings a deformation to a conical 
shape, both of the wheel sections are held 
t(»ether by strong bolts placed at the centre 
of the arms. It may be possible to give some 

idea of the difficul¬ 
ties when we state 
j that the centrifugal 
force due to poles 
and rings reaches ap¬ 
proximately 7,6(M 
tons at 205 r.p.m. 
At this speed the 
peripheral velocity at 
the air gap is 66 m 
per .second. 

For purposes of 
ventilation, in addi¬ 
tion to the usual fan 
blades on the rotor 
rings, lirge fans are 
placed on the arms 
of the wheel. These 
fans ensure that the 
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Hu. 5« CiencTAlor erecteU for test. 


requisite quAntity of Air pASses through the 
centrAt Air duct in the rotor. In addition they 
lessen the shocks on the smAllcr fans on the sides 
of the rotor, which would otherwise occur when 
the air moving radially encountered them. 

The stator housing is, for reasons of trans¬ 
port, divided into four parts. Cast iron covers 
are fixed to the housing. The armature is built 
up of laminations which is fixed in the housing 
in the usual manner by* wedges, and is held 
together by press flanges. The slots arc of open 
type and provided with fibre wedges. 

The armature winding Is a two-plane coil 
winding with two slots per pole and phase. 
The number of conductors per slot is two. The 
insulation is in accordance with Asea's standard, 
and consists of U-shaped pieces of micanitc 
round the separate conductors, and additional 
micanite interleaving strips. The insulation to 
icon consists of micanite sheet, which, in' the 
usual way, is wound direct on the coil-sides. 


The insulation of the coil cuds external to 
the slot consists of mica strip and heat resisting 
compound. The insulation is thus made from 
a material corresponding to the British Rules, 
Class B. In other respects the machines are not 
designed for a higher temperature rise than 5(f, 
The Held winding is wound from copper strip 
on edge in the usual way. 

The bearings, which are designed for water 
cooling, have a diameter in the journal of 500 mm 
and are of our new standard design having a 
length of approximately l.s diameters. 

All the standard tests were carried out, and 
among these the rotor was tested for overspeed 
and the machine short circuited when excited for 
9,000 volts at no load. The insulation was tested 
with 22,000 volts for IS. seconds, and immedia¬ 
tely thereafter with 15,000 volts for 5 minutes. 

Other particulars can be gathered from the varipus 
illustrations given, which show the machines dur¬ 
ing different stages of construction and erection. 

R. LllfeMad, . 
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FORCED AIR COOLING FOR TRANSFORMER OIL. 

With the general increase in the size of trans* from some metal such as lead or copper which 
former units, the necessity has arisen for some will resist the action of the water and any 
form of forced cooling for the oil, and this impurities dissolved therein, 
condition is accentuated by the general desire A number of criticisms of this .irrangcmcnl 
to make better use of the active material in have been made, of which the most important 



transformers, so as to obtain smaller dimensions 
and a iower price. Developments which have 
lately timen place in welding work have been 
Ksponsible, in some respects, for a return to 
torraer methods, since tanks can now be con- 
stmeted with sufficiently large cooling sur£ice 
without the price becoming excessive, and. this 
to * tendency to make use once 
niotc of self-cooled transformers. It must be 

±b« •-‘bodies a latj: 

number of advantages, since the traitsformm 

cm auxiliary machinery and 

can be left without attention, which in manv 
means a considerable saving. For laigl 
stations where a staff Is necessary for otSJ 
KMoim, tlds point of view cannot b^aintained 

aJeoum":? ^commend^d on 

FoiSid T'*’ w*t. 

wavrS t“ several 

ways, ot which the most simple and the 

^st generally in use is to provide the trans- 

tmets with an internal water cooling coil made 


Rg. U 12,000 kVA lulu^Drmcr with Stal cooltr. 


is the danger of water leaking from tlic cooliiij; 
system and entering the oil, in which case If 
the traiwformer is .switched on a breakdown 
wlU immediately follow. This ri.sk obliges ina- 
mitacturers to take the greatest possible care In 
the production of the cooling colls, and at the 
present time any leakage due to faulty work¬ 
manship is a very unlikely occurrence. It has 
much more often happened, however, that the 
pipes have been burst due to freezing In cases 
where the transformer has been taken out of 
Mrvice during winter without emptying the 

**‘*®*^‘^*‘“*R«s arise in case.s 
where the available cooling water Is not clean, 

codina^^f^k ** i* accordingly possible for the 

dmwSk!^ ® difficult, 

ha?! k" impurities which 

the tr!nJS!?’ in most cases it means that 
the transformer must be switched off. 

to •‘'“®fdi‘{giy become the custom lately 
to arrange a cooling system separate from the 
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^ nil. 3. IlMit for foteed «ir cooltnfi. 

transfonncr, consisting of a cooler through which 
tlie transformer oil is pumped, and In which 
it is cooled by means of water circulating. In 
the cooler. Fig. 1 shows such an installation 
supplied by Asea, and* furnished with a cooler 
manufactured by the Svenska' Turblnfabtiks 
Aktiebolaget Ljungstrora (STAL). 

With such instaflations it is possible to design 
the cooler so that the oil is at a higher pressure 
than the water, and the risk of a leak In the 
system permitting water to enter the oil tobes 
is thereby eliminated. This is undoubtedly a 
great advantage, but it will be noted that the 
other disadvantages remain and there is still 
risk of freezing and silting up. 

A fairly obvious manner of avoiding the 
disadvantages attending the use of water as a 
cooling medium is to employ compressed air 
as an alternative, and it is rather surprising 
that this has not been attempted earlier. This 
method appears to have been taken up first of 
all by. Asei, and a little later by a German 
firm quite Independently, and it follows that 
Asea is the real pioneer in this direction, having 
obtained orders for the first 10 Installations by 
March 1923, delivery being effected during 
April 1924. These first examples of air coolers 
were used on the locomotives of type Od on the 
Riksgrans I^ilway, Sweden, and dissipate 30 kW 
with a temperature rise in the oil of 40^ C. 
above the temperature of the incoming cooling 
air, The same cooling system is being used for 


to show some illustrations of the first 
stationary plant which has lately been 
supplied to the Royal Waterfalls Board 
for the step'down transformer station 
at Moholm, Sweden. Fig. 2 is a side 
view of a unit, showing the cooler 
itself placed on the ri^t and con¬ 
nected to the fan by a conliml shaped 
air duct: the cooler is placed in the 
fan intake, On the extreme left the 
oil pump will be seen, fan and pump 
being ctclven by a common motor. 
The. unit is designed for installation 
out of doors without protection, and 
for this reason the motor is totally 
enclosed, all other apparatus belonging 
to it being carried in the pedestal sup¬ 
porting me motor, the access door 
being visible in the photograph. The 
air Outlet is directed upwards so that 
the draught will not cause any in¬ 
convenience, and in the opening is a simple 
j | g nalli« g device which actuates, an alarm if the 
fan should stop running. Fig. 3 shows the cooler 
from the intake side, and the design oii the 
cooler will be quite clear from the photograph, 
any forther description being superfluous. 

This cooler dissipates 157 kW with a tern- 
pemture rise in the oil of about 35® C and 
with a circttlaHon of 18,500 kgs of oil per 
hour and 14 m* of cooling. air pet second. 
Under these conditions the pump and fan require 
16 h.p. or 7.5 ^ of the losses carried off. The 
velocity of the air at the intake remains at 




for the Stockholm—Gothenburg Railway, and as 
regards these coolers we can refer to an earlier ar¬ 
ticle In Asea journal (Oct.1925). We are now able 



n*. 3. Oil «ool« for 7,000 WA tiiiMfeciMc. 
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About 10 m per second, and does not give rise 
to any troublesome draught. 

The great advantage of the system as stated 
above is that water need not be used. In 
districts where clean and suitable cooling water 
is not available, it may be expected that the 
system will quickly be used to a very great extent. 

As regards the cost of the installation, the 
purchase price is somewhat higher than for a 
unit employing circulating water, but the erection 
costs are considerably lower as it is not necessary 
to rim piping for . the water, which is often an 
expensive matter, depending on local conditions. 
As regards running costs for the new system 
compared with the old, it may be pointed out 
that there may be a very big advantage where 
water cannot be obtained free. 

These coolers are built by Asea for a maximum 
cooling effect of 250 kW with a 40* C tem¬ 
perature rise. For larger installations two units 
**** wcoinmended, each one dimensioned for 
half the power. As the drop in temperature 
between windings and oil falls off as the square 
of the . load, the oil temperature on low outputs 
can be permitted to be higher than at full load, 
and on this account it is usually only necessary 
to use one unit up to about •/< foil load without 
the temperature rise of the windings exceeding 
thejiormaljmount. The arrangement also permits 


of a considerable reserve, since the load can be 
kept up to 75 ^ of the maximum during the time 
one of the units requires overhauling. 

When two coolers are purchased there are 
also greater possibilities for making use to the 
fullest extent of a possible lower surrounding 
air temperature than may have been allows 
for. The coolers are naturally dimensioned to 
provide the required amount of cooling by the 
standardisation rules adopted, and which all 
permit a cooling air temperature of 35® C or 
higher. VWth lower temperatures of the cooling 
air it is accordingly possible to reduce the 
capacity of the cooler without running the risk 
® t **<^**^^8 allowable temperatures, and a 
calculation shows that in general one of the 
two coolers is sufficient to carry off the total 
losses when the temperature of the cooling air 
goes down to 0^ C or below. Working can 
thus be arranged so that during winter, and 
also dining periods of decrea.sed load, one cooler 
only is In service, while the .second cooler is 
put into commission during periods of full load 
and in the summer. 

These coolers are of course suitable for pur- 
poses other than have been described here, 
namely for cooling any liquid which does not 
have any chemicaf action upon iron. 
_ E. Sfenkvisf. 


AUTOMATIC REGULATING EQUIPMENT FOR THE RANDERS— 
AARHUS TRANSMISSION SCHEME, DENMARK. 

is furnished by the equipment which 
peciality of transformers with adjustable raHo was recenUy delivered throuch the firm 3 


make it possible to vary 
the voltage supplied by 
the transformer without^^*^ 
intenupting the load. The 
principle of these winding 
couplers is now so well .. 
known tliat it is not ne- 
cessary to enter into any 
description here. Lately 
.such adjustable transform¬ 
ers have been largely used 
In connection with volt- 
age regulation, and for 
connecting two different 
power networks: for these 
purposes the operation has 
in several cases been ar¬ 
ranged so as to be en¬ 
tirely automatic. An in¬ 
teresting example of what 
can be done in this con- 






O SamntlM 

OD Tmnsfofmers 


zsJiy 




CoKSumcM 


the Aarhus Electricity 
Works for connecting two 
power supply schemes in 
^ Denmark. 

From the hydro-electric 
^ station at Gudemsaen (see 
the diagram, fig. 1), which 
lies at a distance of about 
50 km, a 50 kV trans¬ 
mission line is run in to' 
a transformer station in 
the neighbourhood of Aar¬ 
hus, where the pressure 
is transformed down to- 
6 kV, after which the 
power is carried on into 
Aarhus and also to a 
further transformer station 
in the neighbourhood of 
Aarhus, from which ener¬ 
gy is supplied to the sur- 
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rounding agri- 
a. cultural districts. 
The last named 
transformer sta¬ 
tion, besides 
being connected 
^ with Aarhus 
direct, is also 
coupled up to 
Handers power 
station by a 25 
kV transmission 
line 33 Icin in 
length, which is 
connected to the 


6 kV network through an adjustable 1,500 kVA 
transformer which will be described here. 

It was desired to make the regulation of this 
transformer fully automatic, so that when the 
two supply sources were operating in parallel 
they would work with approximately the same 
power factor,' and also naturally at the same 
time it was desired that the variations in pressure 
should be as small as possible when one or 
other of the supplies was disconnected. 

Strictly speaking regulation should be carried 
out on different principles with the stations 
working individually or in parallel, but since, 
with the exception of pressure, there is hardly 
anything but the direction of power tb use for 
the regulation, and this direction can vary on 
cither system of tunning, a scheme of regulation 
liad to be sought which would operate in a satis¬ 
factory manlier, both for individual and parallel 
working. On the other hand, there is no diffl* 
cidty in regulating on different principles when 
the power is flowing in different dircctioiu. 

The problem .was settled in such a way that 
with the power flowing in the direction of 
Randers the regulator keeps the pressure con¬ 
stant on the Randers 10 kV busbars, while 
when the power is in the opposite direction 
the pressure is kept constant on the 6 kV bus¬ 
bars at the transformer station with a power 
factor adjustable within certain limits, but in¬ 
creasing or falling with the load if the power 
factor is higher or lower respectively than 
that for which- the regulator is adjusted. The 
regulation with power flowing in the direc¬ 
tion of Randers is obtained by. means of a 
contact relay which is excited by the pressure 
at the transformer station reduced by the volt¬ 
age drop in the transmission line, This volUge 
drop is obtained by making use of an artificial 
line corresponding to the actual transmission 
line, and whidi is traversed by the secondary 
current of a current transformer. Thus the con¬ 
tact relay under all conditigns is acted upon 


by the voltage at the Randers station and ac¬ 
cordingly keeps this voltage constant. 

The manner In which the regulation acts 
when the Randers station is disconnected will 
be clear without further explanation. If, on the 
other hand, the Randers station is connected 
but is only supplying part of the necessary 
power, so that power is still transmitted from 
the transformer station to Randers, the condi¬ 
tions arc somewhat more complicated. Since the 
transformer regulator is in equilibrium only 
at a certain voltage in Randers, it is not pos¬ 
sible to adjust the voltage at Randers by means 
of the generator fields. For example, a reduc¬ 
tion in the field strength on the generators at 
Randers certainly has a tendency to reduce the 
voltage there, but this tendency is immediately 
counteracted by the regulator at the transformer 
station which raises the voltage on the 25 kV 
side to an extent which restores the pressure 
at Randers to its original value. This naturally 
results in an increased pressure on the 25 kV 
side at the transformer station, i.e. a greater 
voltage drop in the line, which with constant 
kW power means that more wattless energy is 
transmitted from the transformer station to 
Raiulers. The reduction of the magnetisation at 
Raiwiers has accordingly not affected the volt¬ 
age at Randers, but increased the amount of 
wattless power carried by the transmission line. 
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In this way the reactive power which the 
Randets generators have to supply is reduced 
in a corresponding degree, which means that 
these machines can work with the same voltage 
as before in spite of the decreased magnetisa¬ 
tion, The result of this regulation is accordingly 
that when the Randets station is disconnected 
one is able to effect regulation with a constant 
voltage at Randers, independently of the mag¬ 
nitude and power factor of the load. V^th pa¬ 
rallel working it is similarly possible to regulate 
at constant voltage, while the power factor is 
adjusted by hand through the generator mag¬ 
netisation at Randers. 

Regulation of power factor can, of course, 
also oe carried out automatically if a suitably 
arranged static regulator is installed at Randers. 
By over or under compounding the regulator 
at Aarhus it is possible In this way to adjust 
the regulation as desired within wide limits. 

The regulation when the direction of the 
power is away from Randets is effected by ex¬ 
citing the contact relay with a voltage E on 
the 6 ky side and a voltage drop E, in an 
impedance exited from a current transformer. 
This is so designed that the voltage drop with 
the desired power factor is at right angles to 
the voltage E, when the resultant voltage 

c L speaking, independent 

of Ej which is proportional to the load. If, 
hovwver, the power factor is lower than the 
. vector then lies as shown in 
fag. 2 b and the voltage E must fill with the 
toad in order that £, may be constant. If the 
power fictor is better the conditions are ex- 
»s shown in fig. 2 c. 

Wth ^rallel operation the effect of this re- 
gulation depend not only on the power factor 

and action of the automatic regulators in the 
Gudenaaen station and upon how the reactive 

adSni Ik •^ftween the two stations. By 
Al. * «g«Iator for a suitable no-load 
voltage and a suitable value of the power frctoi*, 


it is, however, possible to obtain a very satis¬ 
factory result. It is easily seen that the regulator 
tends to divide the reactive power evenly be¬ 
tween the two stotions. If, for example, Randers 
supplies more reactive power than that which 
corresponds to the adjusted valac, the regulator 
reduces the voltage on the 6 kV busbars in the 
transformer station. Since the voltage at the 
Gudenaaen station is maintained approximately 
constant by automatic regulators, this means an 
increased voltage drop from the Gudenaaen 
station to the transformer station which can 
only be obtained by the Gudenaaen station 
taking over more of the reactive power. If the 
voltages in the two generating stations arc kept 
constant. It follows that the station which is 
subjected to the least active load takes over a 
larger proportion of the reactive load. Actually 
the regulation at the Gudenaaen station is carried 
out in such a way that the voltage there rises 
somewhat on increased load. In this way the 
tendency referred to above is Counteracted to 
some extent, and the reactive power is not 
thrown to such a 
degree on to the 
least loaded station, 
and accordingly it 
is possible to obtain 
a good division of 
the reactive power. 

The principle of 
the scheme of con¬ 
nections for the 
equipmentisshown 
in fig. 3. The con¬ 
tact relay 2 is ex¬ 
cited, when the di¬ 
rection of power is 
towards Anders, 
from a potential 
transformer on the 
25 kV side, and a 
variablecompensat- 
ing impedance cor¬ 
responding to the 
line. The compen¬ 
sator could most 
easily be supplied 
from the current 
transformer in one 

phase, but in order n-. 5 . Tfaiiifomi*r ^ to j 7 . 
to obtain correct i.»o wa. 
phase relaUonthe v.*-. birt. -a.. 

potential transformer should then be coiinected 
between the corresponding phase and the neu¬ 
tral. Since for practical reiisons this cannot very 
well be don^ the potential transformer is con¬ 
nected between 4wo. phases, and the compen- 
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sator supplied from two cross connected current 
transformers placed in the phases to which the 
pressure transformer is connected. 

When power is being supplied from Randers 
the contact relay is fed from a potential trans¬ 
former on the* 6 kV .side in conjunction with 
a compensator which can similarly be adjusted. 
Here the current transfonner which supplies the 
compensator is placed in that phase in which 
the current with cos jO»» 1 leads the voltage of 
the pressure transformer by 90^. If the com¬ 
pensator were provided with purely non-in¬ 
ductive resistance, the compensator volta^ 
with cos » 1 leads the main voltage by 90, 
A non-inductive compensator thus corresponds 
to a system working with cos *■ 1. If the 
compensator is made more or less inductive, 
this results in the voltage drop' in it being 
further displaced by a certain angle forwards, 
which means that the current inmt have a 
certain inductive phase displacement in order 
that the two \oltages sliall be at right angles 
to one another. By adjusting the reactance of 
the compensator it is accordingly possible to 
arrange it for any desired vAluc of power 
factor. The 'resistance Is fixed so that the ad¬ 
justment is not too complicated. 

The value of the voltage at no load for which 
it is desired that the regulator shall operate is 
set for the 6 kV side by an adjustable screw 
on the contact voltmeter. After this adjustment 
has been made the voltage on the 25 k'V side 
is set by means* of an adjustable resistance. 
Changeover from the' 25 kV side to the 6 kV 
side is made with a double contact power di¬ 
rectional relay. 

The contact voltmeter, through a change¬ 
over relay 3 operated by the power direc¬ 
tional relay, feeds dh operating relay 4 which 
closes the circuit of the operating motor 5 In 
such a manner that two phases are connected 
in different order, depending on whether the 


voltage is too high or too low, thus giving the 
motor a difforent direction of rotation. The 
change-over r^y is necessary because the regu¬ 
lator, for a given voltage alteration, must be 
clriven in different directions according to 
whether the contact relay is worked from the 
6 kV or the 25 kV'side. The winding coupler 
is placed on the 25 kV side, so that an in¬ 
crease of the pressure on this side means an 
increase in the number of turns in the winding, 
while on the other hand an increase in the 
pressure on the 6 kV side means a decrease in 
the number of winding turns. For this reason 
the connections between the contact relay and 
the operating relay of the change-over relay are 
changed over at the same time that the power 
directional relay operates. 

' Fig. 4 shows the operating board. In addition- 
to the apparatus refrtred to, this is provided 
with a two-pole push button for non-automatic 
electric operation, and two plug contacts for 
changeover from automatic to non-automatic 
r^ulation. 

In this case the winding coupler Is included 
with the transformer for which the primary 
voltage is 6 kV, and the secondary voltage 
24-30 kV adjustable In eight steps (nine por 
sitions) of 750 volts each. Fig. 5 shows the 
high tension side of this transformer. The con¬ 
tacts are arranged on two bakelite slabs per 
phase placed above the upper yoke. All sparks 
on breaking are taken up by a strongly coiv 
structed change over switch, which, together with 
the coupling resistance, Is placed in an oil lank 
above Inc transformer. No oil circulation lakes 
place between this tank and the transformer. 
Thus In the event of the oil being carbonised, 
due to sparks on reconnection no datpage can 
be done to the transformer. 

The whole of the equipment. Including relays 
and apparatus, was manufretured and delivered 

by Asea. , 

A. Bauer. /. Herhfz. 










TIME LIMIT OVERLOAD RELAY 

TYPE RI 

SOME ADVANTAGES. 

1. The initi<il cost Is low. 

2. There arc no dclicafc.parts or cords, and the relay Is of*sound 
chgineeriitg conslriictlon throughout. 

3. The power con^mplion amounts io 8 volt amps. only, and is 
practioUy Independent of the current setting. 

4. The induction disc commeitccs to Totatc on very light load and 
Indicates at a glance that the relay . Is in working order. 

5. "'Floating'Ms Impossible. The device operating the contacts docs 
not begin to mbyc until* the current has reached the value corres¬ 
ponding to the scale setting. 

^ The .relay is. scl^resctling* If an overload, ceases before tripping 

' has occurred., die relay resets itself immediately the current has 
dropped to 8S % of the inirrent setting. Tripping due to successive 

. Intermittent ovcrlo^ is thus avoided. 

7. Settings for tripping current and tripplne^ time arc Independent, 
and arc adjustable within a wide range. They can be varied with 

; the plant on load \vithput the risk cveii.of opening the current 
transformer secondary circuit. , 

8. The time curve has; a vo^ gradual*bend, and the definite time 
which is reached.with a.current pf .ibout 5 times the ampere 

^ setting is long enough to permit safe selective tripping of a large 
number of. oil/switches, even with .the heaviest overload. The 
shape of the time curve remains unchanged at all current settings. 

9. If jMuired the relay can be set for ihshintancbus trip with over¬ 
loads of 4. 6 or 8 times the setting on the amp. scale. Thijt feature 
is separate and distinct from the time setting. 

10. The relay is short circuit proof, and the coil can wJtlistand a 
momentary overload of 300 amps, on the 5 amp. tapping. 

11. The contiicts liavc a quick and definite action and can be used 
either for closing or opening circuit by reversing the bracket 
carrying the fixed contict. 

12. The relay can be easily supplied with an Indicating device to 
show which relay in a group has operated. 
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AUTOMATIC PUMPING EQUIPMENTS. 


The art of lifting and transporting water is 
as old as civilisation itself. TKe development of 
modern knowledge by which use has been made 
of puinp.c and pipes, has for the first time pro* 
vided A real solution of the problem. The avail* 
ability of water is one of the greatest ncces.sitics 
for civilisation and industry, and the supply of 
water is one of the services which modem 
knowledge of hydraulics has made possible. The 
great importance of cheap water can be appre- 
ciati^ from the consumption which is recorded 
for diiferent centres of population. Thus small 

villages make use 
of from 12 to 36 
galls, per 24 hours 
per head of po. 
pulation, while 
larger towns in 
Europe use from 
25 to 75 galls., 
and a number of 
American towns 
from 50 to 100 
galls. Pumps also 
play an important 
part in most in¬ 
dustrial activities. 
In the chemical 
industry, such as 
cellulose and pa¬ 
per manufacture, 
and also in textile 
mills and in the provision industry, pumps 
ate not only used for the transport of water, 
but' also for moving finished and unfinished 
materials. In the textile industry for example, 
about lOO gAlb. of water are employed for 
each Ib. of wool which is dealt with. Every 
steam engine provided with a condenser uses 
from 65 to 85 gaits pet h.p. hour. 

I. General Technical Considerations. 

The power which the driving motor of a 
pump has to develop depends on the height to 
which the liquid is to be lifted, upon the quan¬ 
tity of liquid, and lastly on the loss of head 
(n the piping. The size of the driving motor 
is determined from this power. As sources of 
power, steam, gas and electricity, come into the 
question. The last is at present the most used 
on account of many striking advantages, among 
which may be mentioned weapness, simplicity 
in operation, easy installation and small space 
requirements. 

A further advantage is. that the drive can be 
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made automatic in a perfectly easy manner, and 
various questions depending on this ate treated 
below. 

The construction of the puimp and the' ar- 
rangement of the piping system only affects the 
automatic arrangements in that a somewhat 
different electrical equipment may have to. be 
used. Thus the starter which is used depends 
upon the choice of the type of pump, i.e. whether 
reciprocating, centrifugal etc. Automatic startine 
of large reciprocating pumps is particularly dl^ 
ficult, and these should not, if possible, be 
started under load, but with a special valve in 
the delivery pipe open. Only the smallest reci¬ 
procating pumps should be started directly 
against pressure, in order that too great a load 
may not be thrown upon the electric supply, 
For automatic starting, a starting torque of at 
least double the normal is required, and this 
can be still greater if large fiyimeel masses or 
long delivery pipes containing a great weight 
of water which must be set in motion are in 
question. Centrifugal pumps are easier to start, 
this dependii^ on the character of their load 
torque, which increases approximately as the 
square of the speed. During actual starting, a 
centrifugal pump takes from 30 to 40 fK of full 
load torque, and only requires full turning mo¬ 
ment at full speed. Most pumping stations which 
are automatically operated are equipped with 
centrifugal pumps. 

Lastly, the protective apparatus which is used 
excetciscs considerable influence upon the auto¬ 
matic drive. We must 
here take account of 
faults which may arise 
in the pumps and deli¬ 
very pipes, against 
which it is desirable to 
guard. Some of these 
Faults are given in the 
following paragraph. 

The suction pipe of 
the pump is provided 
with a foot valve, so 
that it is always kept 
filled with water, while 
the pressure pipe or de¬ 
livery pipe is furnished 
with a delivery valve. 

A centrifugal pump can 
only draw water when the suction pipe is filled 
with water, since of itself only an inconsiderable 
vacuum b obtained when it nins in air. If air 
enters the' pump, considerable heating may take 
place, so that protection against, starting or 
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1. Primary coolactor. 6. Ifvm for o|)eraling circuit. 

2. duniteovtr contactor* 7* Time Umit itby witit air 

3* Aiitotransfonner.^ damping. 

4. Motor. S« Diteoonecling SMrltoi. 

5* Overload relay* 9* Float fwitdi* 


running under such conditions must be provided 
for. If the delivery valve for any reason (e. g. 
low speed) does not open, or if there Is a 
stoppage In the delivering pipe, the pump will 
not operate properly. This also introduces the 
danger of overheating. The bearings of the pump 
may run hot, if, for exatiiple, the cooUng of the 
thrust bearing fails, in which case there is a danger 
of the bearing seizing up, and. on this account a 
signalling device should be provided. Lastly, 
foreign material may enter the pump, so that it 
cannot rotate and is brought suddenly to a stop. 
Freezing is a condition which can also interfere 
with the proper running. 



II. Considerations regarding 
Choice of SecMcal Equip- 
ment. 

' It is impossible to give a 
general rule as tO the manner 
ioi which an automatic pump¬ 
ing station should be equip¬ 
ped. We shall, however, give 
a-few important points which 
roust be considered in the 
supply of plant for auto¬ 
matic drive. For pumping in¬ 
stallations . all voltages and 
systems of distribution can be 
used. Pumping plant is often 
a relatively small unit which is located at a con¬ 
siderable distance from the point at which- the 
water is required, and the mMt suitable electri¬ 
cal requirements cannot always be obtained. 
With continuous current the voltage is deter¬ 


Flit. 4* Hysleitsls fUrier 
‘ (coy«r removed)* 


mined at the outset. When using alternating 
current, however, we often have a free choice, 
since the voltage can easily be transformed up 
or down. For the motors a low voltage such as 
220 or 380 is most common, and* is also most 
suitable, High tension motors are in general 
not to be recommended, since their windings, 
on account of the frequent starting and stopping, 
can be easily damaged by excess pressures,, and 
must on this account be protected by charging 
resistances. Witli automatic drive this considera¬ 
tion considerably increases the cost of the ap¬ 
paratus. 

The choice of the most suitable type of alter¬ 
nating current 
motor is an im¬ 
portant question. 

We have the stan¬ 
dard squirrel cage 
motor, the three- 
piiase motor with 
selfcontained 
starting winding, 
and the .standara 
slipring motor to 
choose from. In 
certain particular 
cases three-phase 
commutator mo¬ 
tors or single¬ 
phase motors mer¬ 
it consideration. 

The commutator 
motor is used In cases where the regulation of 
the speed of the pump in relation to the ne¬ 
cessary quantity of water Is required. The single- 
phase motor may be necessary on single-phase 
supplies or lighting supplies, but in general 
should only be considered for exceedingly small 
outputs. These two last classes of machine, 
however, are really exceptions. The other types 
are -of incomparably greater Importance. 

The slipring motor has high starting torque, 
and by the use of a suitable starter can be 
made to run up to speed exceedingly smoothly. 
The slipring arrangement must, however, be 
solidly constructed and designed so that the 
brushes can be left continually in service. It is 
of course possible to provide an automatic brush 
lifting arrangement, but this naturally is a com¬ 
plication. 

The standard squirrel cage motqr possesses 
considerable advantages, due to simple construc¬ 
tion and cheapness. It has, however, a poor 
starting torque, and the starting^eurrent is high 
in comparison with the normal current taken 
during ntnning. A considerable improvement in 
this respect is provided by the three-phase squirrel 
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Hon to the problem of arranging 
a satisfactory automatic gear, but 
the question must be gone into 
in each and every case, siving 
attention to the local conditions 
and economical considerations. In 
the following the different elements 
will be briefly referred to, which 
in general go to the making op 
of an automatic pump equipment. 
These can be subdivided as follows: 

1) The automatic starter and 
primary switch. 

2) The operating and super¬ 
visory control apparatus. 

3) The protective apparatus and 
arrangements. 

III. The Automatic Starter and 
Primary Switch. 


Cum » In 4k Nt «titk Ihm ucnikUTy coiiUdors. 





Pin. 8. current for moifir type MK21( 380 voUt, 10 cveUs, 22 h.p. Sturttim witli 

torque lacTCUttnt dltodly with the xpMd. Nocuml current m t9»ii 4oipi effective. SUc^ 
witli four feconduiy contacton. 


cage motor with high starting torque, and this 
just Alls up a gap in pumping equipments 
between 5 aitd 30 h.p. 

In choosing suitable electrical equipment the 
character* of the supply, i.e. the voltage drop 
which occurs in the line when a relativdy large 
and sudden load is thrown on to it, must be 
considered. If flickering cannot be allowed on 
the lamps which are connected to the supply 
when the motor starts, then it is desirable to 
select a motor which starts up smoothly, but in 


on. Factors to be considered for the 

start of a motor afe the starting 
: power, the starting time and- the 
j maximum current peaks. By the start- 
. '■ ing power we mean (he product of 
the voltage and the mean current 
during Start.'WlthDCthis represents 
an actual power, but with ACit must 
only be regarded as a magnitude 
which is nearly proportional to 
the actual power developed. The 
starting time does not require any 
further explanation. The current 
peaks on starting give an indi- 
caHon of the variaHon of tlte current during 
starting, and the relation between the maximum 
and mean current can be regarded-as an index 
of the smoothness with which the starter runs 
the motor up to speed. 

Every motor requires a certain minimum of 
starting power and starting time for running up, 
and these do not In any way depend on the Rind 
of starter or the construction, but on the mecha- 
nittl conditions sitch as the starting torque for 
overcoming the static and robtional fricUon, and 


other cases naturally it Is most advantageous to the necessary energy for acceleraHng the masses- 


take the simplest possible equipment. 

As a last important factor the operating gear 
may be referred to. The distance beWeen the 
pumps and the reservoir from the place from 
which the automaHc starting and stopping is to 
be conducted, exercises an influence on the 
whole plant. In the same degree also the layout 
of the line must be considered, whether this 

E asses the pump house only, or both the pump 
ouse, operaHng place etc. 

!*' The above points have been mentioued in 
order to show that there is no. universal solu- 


In. the system. The starring power must be at 
least sufficiently great for the motor to develop 
a torque greater than the necessary starting- 
torque, and the starting time must be so long 
that the mechanical energy given out by the 
motor during starting reduced by the friction 
losses will be sufficient to impart the requisite 
amount of energy to the masses in the system. 

It. may be stated as a general rule that an 
automatic starter of a certain type is cheaper the 
greater the maximum current peak is in relation 
to the mean current, and the. starting power in 
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relation to that theoretically necessary. As it 
will be seen immediately that the disadvantages 
as regards the motor and the supply arc greater 
tlie greater the starting power and maximum 
current peaki it follows from this that the choice 
of a starter mhst be a compromise between first 
cost and the. troubles to be expected on the 
supply network when it is used. 

A large number of different, types of auto* 
matic starters have been developed and put into 
use for pumping equipments. A short descrip¬ 
tion is given below covering those which are 
most common, and their advantages and draw¬ 
backs are given. 

Starting .^Arrangements for Squirrel Cage Motors: 

a) Direct switching on of motors. For this a 
primary switch is required, such as a float switch 
of Asea’s type KX or KF, or else a contactor 
of type AEV. The rush of current on switching 
on is large, jjmounting to 5 to 7 times the nor¬ 
mal loacT current. The starting torque is ap¬ 
proximately equal to the normal torque. This 
method can accordingly only be considered for 
small motors, or In such cases where the supply 
would not be affected. Reciprocating pumps 
cannot be started in this manner unless the 
motors are chosen of particularly ample dimen¬ 
sions. 

b) Siar-Delta Starting of motors. For this method 

a primary switch is re- - 

quired as in the forego* 
ing case, and an auto¬ 
matic changeover switch 
for star-delta connecting 
the stator. The change* 
over switch is of the 
3-pole two-way type. In 
this manner the maxi¬ 
mum rush of current is 
reduced, and reaches a 
value about double the 
normal, but at the same 
time the starting torque 
is reduced to about one* 
third of the normal. The 
method must accordingly 
be regarded as less suit¬ 
able ror starting pumps, 
which, as explained ear¬ 
lier, have a torque which 
increases as the square 
of the speed. VTith Y 
connection it would ac¬ 
cordingly only be pos¬ 
sible to reach about SO 
of full speed. The cur¬ 
rent surge on changing piun|iin(«iR)pawata<Hu 


over from this connection to delta can be ex¬ 
ceedingly great, unless special arrangements ate 
used. These considerably increase the cost of 
die automatic installation. If a good start is to 
be obtained in combination with centrifugal 
pumps, the motor must be chosen unnecessarily 
large in relation to the normal power required 
for pumping. 

Fig. 2 shows an automatic changeover switch 
built by Asea, intended mainly for other service, 
and in which a thermal device is included. The 
operating time can be adjusted from 5 to 15 
seconds, depending on the time in which it is 
desired to start the motor, 
c) Automatic Auto-Si^ers. In starting with 
an auto-starter a. reduced voltage is applied to 
the motor (50 to 80 4^ of the normal). The 
starting torque of the motor decreases in pro¬ 
portion to the square of the voltage. The most 
suitable starting voltage is that which gives 
approximately equal current surges on switching 
on and on changing over, and in the case of 
centrifugal pumps mis is about 70 to 75 9^. 
The principle is approximately the same as for 
a hand operated apparatus, and the only change 
made is to substitute a contactor for the change¬ 
over switch with handle. The necessary time is 
obtained by means of an arrangement which 
connects hill voltage to the motor after a cer¬ 
tain time, or by a current limiting reby which 

operates after the current 
% has fallen to a certain 
value. Fig. 3 is a diagram 
showing such an auto¬ 
matic starting arrange¬ 
ment. On starting a cir¬ 
cuit is dosed from the 
magnet coil tp the con¬ 
tactor 2). This closes and 
connects the motor 4) 
on to the low tension 
terminals. In the next 
instant contactor 1) clo¬ 
ses, throwing the supply 
voltage on to the starting 
transformer. The motor 
starts on the lower volt¬ 
age. When the time limit 
relay has finished ope¬ 
rating the magnet coil 
is connected to contactor 
2), and the motor is 
thrown on to the highest 
voltage. The transformer 
is entirely disconnected. 

The starting torque 
with this method reaches 
Coitwnimcit wucfwork* Aklrckim. 50^ of the normal, and 










Rk. 10. AuhiRMiic tMimpiiiR cqulpmtiii M ik Vctlcnt Wafcnrorks, (Irak. 


'!sr fe': 

ss SHltobJc for the autoinatl/startlng Swnt*?t jfe 

1 P««>tw. As pointed out above at thfnr;«!,i ‘"*^*”* ®^«rting exceedinu 

40 91 at (k. --- ** «o««al running current by more than 

A. 


Sf'wiirJfi.^f ra"*”™'/®'’ «“»<>'«««€ Starting 

leU TO M inT"*?' ®«* ^bove, at 

J to 40^ of the normal torque is re- 

quiwd in order to overcome the sfaSi friction 

ouhS' if"™"’- ?“•' “ *•‘""<>“1 'o^ue b « 
quited for acceleration it is obvioi? tint t£ 

the large side, or else the auto¬ 
starter voltage must differ by only 
a small amount from the supply 
voltage. The advantage gained 
«>y the use of a starting appa- 

wirtf Ai comlari^ 

wlft direct switching on. 

The methods discussed In a), 

biL u '' f*" without 

alteration for motors with self- 

contained starHng winding. Hav 
Ing rega^ to the maximum cur¬ 
rent nish at first connection, the 
use of such a motor affords the 
advantage that the current on 
direct switching on is decreased ^ 
an /1 /k* **!f* normal current. 

Is raised 

to 2.JS times the normal. By se¬ 
lecting a motor somewhat larger 



«)itl»c<«r.for a mail. 


Starhag Amngements for Sirring Motors, 
j) Hysteresis Starters. This is a startine ar- 
raiment which is ased to a considerabk extent 

1st E 11.4. As a primary switch a float .switch of 
«• ‘VP* KX or KF is used with small 

motors for switching the stators 
direct on to the line; with larger 
motors or in cases where It is 
desirable to make the starting 
par of. small dimensions, con- 
tactom are used. The advantage 
of this ^pe of starter is the ab- 

rnn** A mOvIng 

contacts. Asregardsdisadvantages, 
the somewhat greater phase dis¬ 
placement and lower efficiency 
than IS obtained with a starter 
which completely short circuits 
the rotor on the last step may 

♦Jds must be 
ad^d a higher price with large 

which really, determines the use 
opuch starters, and the other two 
disadvantages can be neglected. 





ASEA-TOURNAL 


51 



/r. 

]. DisconnocHng twiidu 
2. Fiuet. 

Cvrront IriiiuroraMr 
4* Amnuter* ^ 

54 Oil bamcmd coolMl«r for 
• ^nuiry cireull« 

6. Opmling changMiTtr twitch. 


7. KUmI contocf. 
g. Tramfooner. 

9, CooUctoc hit motor pro* 
tCCtiOM. 

JO. Ovoriood reiay. 

11, Minimum rtUy. 

12, laltrmecUtte may. 


.15, lltormo conUd. 

14. Float conlad. 

15. Push botloiw 
J0.>fotor, 

17. lliermo cooUct for 
• pmnp bearings.. 

18 . ' Sori^ rciisttneo. 


relay, or by an air damped time 
relay. Starters working on the «on- 
tactor principle can be built wl^ 
as many steps as may be desired. 
The low’Cr limit Is ^ven by the 
highest allowable current at start* 
log. The upper limit is determined 
by price considerations. To show 
how the number of steps affect 
the question, hgnrcs of 6, 7 and 
8 have been assumed, which show 
the starting current with a motor 
having Z, 5 or 4 contactors In the 
secondary circuit. If we disregard 
the first rush of current, which is 
chiefly determined by the magne* 
tic constants of the circuit, the 
maximum current reaches respec¬ 
tively 2.1, l.s and l.« times the 
normal load current. 

d) Motor opemted Starters; A 
suitable arrangement for starting 
slipring motors of large outputs 
is the employment of motor 
operated starting gear. While con¬ 
tactor starters are cheaper when a 
small number of starting steps is 
acceptable giving abrupt varla* 
tions In the starting current, the 
motor operated starter must be 
regarded as the most suitable for 
giving a smoother start. All stan¬ 
dard starters of types FTSV, 
PTSO and FTK can be manufac- 
tured for motor operation. Fig. 9 
shows a starter type FTK at the 
Gothenburg Waterworks, and fig. 10 
shows a starter of type^FTSO in 
the Vesteras Waterworks. (As re¬ 
gards the principle of operation 
of these starters, we refer to an 
article on automatic starting gear in 
our Swedish journal, 1922, No. 4). 

The primary switches are com¬ 
mon to all the starting apparatus. 


b) Liquid Starters, These may be used in cer¬ 
tain cases, and are to be noted on account of 
the particularly smooth starting which they allow. 
Their disadvantages are partly the large slip 
(3—5 ^ which is allowed when the starter has 
been fully operated, and the somewhat troublct 
some amount of attention. 

c) Contactor Starters. Fig. 5 shows a starter 
of this type. This resistance Is metallic, and the 
various resistance steps are successively short 
circuited by a row of contactors. The time .In¬ 
terval between the closing of each contactor is 
determined automatically by a current limiting 


These connect and disconnect the stator respec¬ 
tively when the motor is to be operated. For 
low volta^s a normal switch of type KX or 
type KF can be used up to the sizes given in 
the lists. When these values must be exceeded 
contactors should be chosen from list VI. s. These 
must also be used when any ati'angement of 
distant operation or operation from several 
positions is desired. With higher voltages (over 
550 volts) the normal contactor types arc un¬ 
suitable, ■ and we must employ oil immersed 
contactors, which, like oil switches, make use 
of oil as a medium for break and Insulation. 
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Kid* 15. A«tonijrtk DC RlaiUc with cmrload aniS no-vollago 
rekyueti fiK 15 b.p.« 250 voir pomp »ioCor« 

Fig> n shows a switch of this type which cao 
normally be used up to 100 amps, at 6,000 volts. 

When high tension current is to Im used in 
a pumping station, it is most satisfactory to 
arrange the apparatus as shown in the diagram, 
fig, 12. Here the transformer can be placed in 
the same position as the pumps, while the 
contactor (5) is erected In the most suitable 
place, either In the pumping station or at a 
distance therefrom. By using the .scheme given, 
we gain a number of advantages. Thus all no 
load losses in the transformers ace avoided. 
The motor can be wound for low voltage and 
becomes a standard machine. 

•Lastly, some mention must be made of arran* 
gements for DC. 

a) Direct switching on. This can only be used 
for small motors up to 0.75 b.p. The motors 
must be considerably overcompounded. 

b) Contactor starters. This can be designed 
and used subject to the same limitations as 
were mentioned for AC. In general it is pos* 
sible to employ a smaller number of steps, for 
instance, 2 steps up to 2/3 h.p. and 3 for 
10/15 h.p. etc. 

c) Motor operated starters. Between these and 
contactor starters a choice most be made on the 
same basis which was mentioned earlier in con> 
nection with AC. Contactor starters are, how* 
ever, in general considerably cheaper for DC 
than for AC, and at the same time the limiting 
current is considerably lowers so that a con* 


factor starter for DC is generally more compact 
than a motor operated starter. 

To simplify the choice between tbe large 
number of different types, the table given below 
can be referred to, 

IV. Operating and DeliVei)' Controlling Apparatus. 

In general the pump is required to work 
automatically in accordance with the following 
principle. With a certain pressure or water levm 
the pump must start, and stop again when 
another predetermined pressure or water level 
has been reached. As an operating device, in 
die former case a pressure operated switch or 
manometer is used, and in the latter case a 
float switch. 

Fig. 14 shows the particularly robust type of 

E ressure operated switch which is manufactured 
Y Asea. 

In certain cases circumstances may arise under 
which the pump must be started by an atten* 
dant, eg. at the commencement Sf tne working 
period, or on tbe occurrence of an outbreak 
of fire. If the pump is situated in an out-of 
the>way position, a good deal of time is wa.sted 
in journeys to it and back again. It Is, however, 
possible to arrange for remote control from a 
convenient position. For this purpo.se the main 
circuit can either be closed by hand if the 
supply line to tbe pumphig station passes the 
place in Question, or electric operation can be 
arranged for by means of a small relay or push 
button. In the latter case, however, a special 
operating circuit to the pump must be run. 
The number of conductors for operation is in 
general two. 

Another case exists when the pump is to be 
started at a definite time, and stopped when a 
certain water level is reached, etc. For this pur* 
pose an ordinary time switch is used. 

There should always be an arrangement which 
makes it possible to start the pump at the 
pumping station for purposes of inspection and 
adjushnent. Care must be taken in this connec* 
tion to prevent any damage arising, for instance 
through flooding the reservoir. A suitable pro* 
tecHon is to arrange a push button which only 
allows flie pump to run as lotm as it is kept 
depressed. 


Moloi iyi^ 

Squiml AC 

molar 

Hinh starklup toi^iie 
tbreo*pbaM t^ccol 
eauo iDotor 

supring AC motor 

DC motor 

barter Typei 

f. Diitcl swftdiliiR 4m. 

2. Awtoilaiier .. 

5. Hyiltrcfils «iarl«r.. 

4. CM(4clor staricr . 

5. Molar opcralMl tuner. . 

Up lo 5 h.p. 

5 h.p. lo brpcjit files 

Up ta 10-20 h.|i. 

S b.p. to bffMl Unt 

^ a 1 

5-40 b.p. 

5 b.p. to largest slics 

30 b.p. tmlargest sites 

Up to 1 tup. 

( b.pv to lavgMi sites 

50 fup. to larscst ilm 
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It is frequently desiritble to be able to start 
the pump Dy hand should necessity arise. In 
general also a stand*by pump Is provided. In 
such cases it is desirable to be able to arrange 
for the two pumps to run alternately, so tlut 
more uniform 'wear takes place. These require¬ 
ments can be met quite easily. Pig, 10 snows 
a control panel for this purpose, with arran¬ 
gements for connecting a 75 h.p, and a 125 h.p. 
motor. The system is carried out in such a way 
that the connecting switches are interlocked 
with one another so that automatic working 
cannot be obtained if the switches arc not in 
their proper positions, /.e. one pump must always 
be arranged for normal running, and the other 
in reserve. 

V, ElecMc Protective Devices. 

We mentioned earlier (under section I) the 
breakdowns of the pump and piping system 
which can dSmage the plant. As soon as one 
of the.se failures occurs the motor must be 
stopped, in order that the electrical parts may 
not also suffer damage. To these must be added 
a number of other protective devices which are 
made nece.ssary by the nature of the electrical 
equipment. These include the following: 

Overload relc.tses. 

No-volt release. 

Thermal relays in the bearings. 

Release when the pump load fails. 

Protection against freezing or seizing up. 

The overload release should be of the delayed 
action type, and the thermal relays oftypes RW 
and SBW have been found to work with every 
satisfaction. Oil damped relays luive also been 
used, but care must be taken, as at particularly 
low temperatures the oil may freeze. The over¬ 
load releases protect the electrical equipment 
against excess current, e.g. if the pump seizing up. 

The no-voltage protection is intended to dis¬ 
connect the equipment as ;oon as the line voltage 


fails for any reason. The .starter must then auto¬ 
matically return to the starting position before a 
newstart can be effected. All the automatic starters 
described above are equipped in this manner. 

The bearings are protected against damage 
through running hot, by the installation of in¬ 
dicating thermometers or thermo elements etc. 
which stop the equipment as soon as an abnor¬ 
mally high temperature occurs. These parts of 
the apparatus should be so placed that they do 
actually come into dose contact with the part 
of the bearins where the danger may occur, i.e. 
the inner sttmee of the bearing bushes. Wth 
electric motors trouble due to liot running of 
this nature is of very Infrequent occurrence. 
With pumps, however, the outer bearing, i.e. 
the bearing which takes up the end thnist can 
easily warm up if the cooling water ceases to 
flow. The contact arrangements which are used 
arc connected to a relay in the electrical system. 

Should air enter the pump it will refuse to 
draw water; this, is manife.sted by the load 
current decreasing considerably. The pump fakes 
only hrom 30 to 40 of the full load current. 
It is accordingly possible to protect the pump 
against overheating from this cause by the use 
of a minimum relay. Tliis relay is provided with 
damping, e.g. by employing a small thermal 
device so that it is possible to start the pump. 

Should it not be possible to run the pump 
because it has seized up, or because it has 
frozen up, the motor and starter is protected 
against damage from excess current by means 
of a special relay which disconnects the motor 
if it is prevented from coming up to Its full 
speed for more than about 20 seconds. 

Fig. 12 shows a diagram in which all these 
protective devices ace included. The ^operating 
current Is here taken from the transfonner itsell; 
which has extra terminals giving a supply at 
about 10 volts. This voltage is ample tor con¬ 
tact thermometers, and is fully sufficient to 
operate auxiliary and protective relays. 
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BENDING VIBRATIONS IN ROTATING SHAFTS. 


This question has received considerable atten¬ 
tion in the technical press during the last few 
years. The fact is that several critical speeds 
other than the normal have been found expert- 
mentally, these speeds being in general in the 
neighbourhood of half the normal. Attempts to 
explain these new critical speeds have usually 
been very complicated. We shall endeavour 
below to give the reasons for the vibrations in 
question in the simplest possible manner. 



We shall first estimate the ordinary critical 
speed in the usual manner. Imagine a shaft 
carded in two bearings and having fixed in the 
centre a disc having an eccentricity e. Tis the 
centre of gravity of the pulley, 5 the locus if 
the shaft centre, and O the point at which the 
common centre line of the bearings cuts the 
central plane of the disc. The weight of the 
shaft is neglected in comparison with that of 
the disc. The modulus of elasticity of the 
shaft is called c, the weight of the disc M 
and the fnoment of inertia about the centre of 
gravity /. The resultant external torque, f.e. the 
resultant of the driving and braking torques, 
is called k. As we do not wish to consider 
torsional vibrations we can most suitably imagine 
the driving torque as an electrical torque acting 
upon the disc which is considered as oeiug the 
rotor in an electrical machine, and the bndcing 
torque as being the windage resistance of ^e 
disc. Then no torsion occurs In the shaft. We have 


-cx.(1) 

cy - Mg .(2) 

} = - c» • e sin + cy e cos q> + k .(3) 

5 = Jt + e cos .(4) 

tj^y + esiav .-(5) 


Expressing x and y in equations (1) and (2) 
in terms of ^ and i), with the help of equations 
(4) and (5) we obtain, if at the same time Mg 
is neglected, which is for exitmple perfectly 


correct for a vertical shaft: 

M ^ + c S = c • e cos ja.(6) 

M^-{-a)~C‘esin jp.(7) 

* c • e (q cos J sin 59) -f i .( 8 ) 


We assume if « 0 and make a trial putting 
q> ^ ut, i,e, a constant rotational speed, and 
investigate if under these assumptions equations 
(6) to (8) can be satisfied, 

The solution of (6) if we assume I and 

^ = 0fort®=0is • ** 



Actually there is alwap some damping, and 
oscillations accordingly disappear, except under 
resonance conditions, so that after a snort time 
we obtain 

1=-S.(11^) 

c 

corresponding to 

y*—~— sin ..(lOa) 

<u* 

c 

futther (11) 

It is seen that if it; s 0 equation (8) is also 
satisfied, since both right and left hand couples 
are zero. Equations (10 a) and (11) ate mus 
capable of exact solution for the case of a 
vertical shaft where the efiect of gravity dis¬ 
appears and where the driving torque is con¬ 
stant and equal to the braking torque. 

It will be seen that there is only one critical 
speed when 



In this case the solutions for ^ and q in 
accordance with equations (10) and (11) do 
not hold good, and we must use equation (9). 
In accordance with this | has for mthe 
form* 00 — 00 , but by investigating this expres¬ 
sion in the usual mianner we obtain 
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e 01 / sin 01 / 


c»ecosctf/— 


c*« Ao» 


cos (n — 1) W/ + 


01 » oit 

In the same way we obtain 

rf- — y e «/ cos 01 /.(14) 

10 = 0 )* 

For each revolution the expression is thus 
increased by rre. It should be noted that 
equation (8) with il = 0 is not satislied by ^ 
and 1} in accordance with equations (13) and 
(14). This signifies that constant angular velocity 
(0 — cannot be maintained with constant 
driving torque. For the torque equation to be 
satisfied with standard o) = ut, the external 
torque must on the contrary vary in a definite 
manner which can easily be obtained from 
equations (8) and equations (13) and (14). 
Actually when the external torque is constant 
or nearly coi\ftant, the variation in the point 
of resonance is somewhat different- If the 
resulting external torque is practically zero, for 
example, if the shaft runs freely on ball bearings 
in a vacuum, the expression for the point of 
resonance even without damping, is unlimited. 
The energy for the oscillations must accordingly 
come from the fiywhecl, so that the speed is 
quickly brought down below the critical value. 

So far we have only obtained the normal 
critical speed. 

The conditions ate quite different if we allow 
small fluctuations in the angular velocity <a 
caused by variations in the driving torque, or, 
as we shall see later on, by the weight .of an 
axle supported horizontally. 

We assume 

w -1- Aw cos n w/.(15) 

where w is the constant mean speed, from which 
go — «/ -f sin n w/ .(16) 


cos go =« cos w/ • cos sin n w/| — 

( Aw \ 

—— sin n oiij 

When ~~ sin n w/ is a small angle we can, 

with good approximation, put 

/\ (0 

cos g» = cos w/-sin n w/ • sin w/ 

n 

cosg9=coswt—^j^cos (n—1) w/—cos (n+l) taf' 
Equation (6) is thus altered to 


, c-eAw , . , 

H ^— cos (n H- 1) cat 


Analogously with equation (10) we obtain 
the stationary condition 

l=~Ti“Cosw/—^-cos(ii—!)»«/+ 


. e . AW • e 

^-Tf-coscaf ———-c( 

l_^(„_I)s«9 
c c' ^ 

I A« e / . 

+ 1S-. + 


“2^;— M ~—- “(19) 

1- —(n-l-lf»» 
c 

Corresponding equations are obtained for tf. 
It is seen that there are three critical speeds when 

If w changes once in each revolution, t.e. 
n — 1, we obtain a new critical speed 


If n = 2 




w=yw* 


w=-rw» and-^wk 


n~Y w—yw* and 2 Wib 

In reciprocating machine drives where the 
torque changes periodically these critical speeds 
can be worthy of attention, and also in the 
case of single-phase machines with variable 
electrical torque. A flexible coupling, when the 
shafts are not properly lined up, can also give 
rise to variable torque, and thus to these new 
critical speeds. 

Reluming now to the case of a shaft supported 
horizontally with a resultant torque equal to 
zero, we will now take the weight into con¬ 
sideration. In each revolution the weight is 
lifted a distance 2e. The potential energy is 
thus altered during each - revolution by an 
amount of ± eAfg. A corresponding alteration 
accordingly exists in the kinetic energy 

thus ~J (w -h Aw)* — y 7 w* = aMg 

or. Aw*.^^.(21) 


When ft s 1 here the new critical speed caused 

by the weight is y Wi. 

By. assigning numerical values corresponding 
to normal cases it can be shown that the varia- 









tions in angular velocity due to the weight ate 
in general exceedingly small. 

An exact Investigation of the change in the 
point of resonance naturally gives rise to greater 
difnculties with variable'torque than with con¬ 
stant torque. As in tlie former case^ where we 
assumed that at the point of resonance the 
torque varied so that the angular velocity was 
maintained constant, we can here also assume 
that the torque varies so that the angular velocity 
at the point of resonance is obliged to remain 
at the anuined value. It is then easy by analogy 
to obtain by equation (13) from equation (18j 
an expression for if at the point of resonance 


with variable angular velocity. Comparison 
Mtween the speed at which the amplitude of 
the expression increases at the actual point of 
Ksonance with constant angular velocity and at 
the new points of resonance with measurable 
values of speed variations, sho^ir now that the 
incKase in this last case takes place conside¬ 
rably slower, so that these new critical speeds 
do not show resonance peaks to nearly the 
same extent. Thi.s specially affects the inffuence 
of Ae wei^t, which in general can be entirely 
neglected. The effect of cyclic Irregularity of a 
reciprocating machine is accordingly of much 


IMATRA POWER UNDERTAKING. FINtAND. 


One of the latest industrial undertakings 
In Northern Europe at present is the electri- 
ncation of the Imatra Falls. These are situated 
on the Vuoksen River. This river has a large 
number of falls in its length of 162 km, and 
as a commencement the large fall at Imatra 



The transmission line, which has a double 
set of conductors, is erected on iron lattice 
towers of particularly interesting design. Figs. 1 
and 2 which are reproduced from photographs 
fj r L constructed, give a good 

idea of the appearance of these special poles 
and of the ingenious manner in which they 
are raised into position. 

Imatra 

c. carried out by the Finnish 

State Waterfalls Board. 

Asea has obtained orders for a very large 
proportion of the electrical equipment. 


Mi. I. 

together with some smaller falLs lying higher 
up, have been developed for a head of 24 
metres imd a quantity which, it is estimated, 
will macb TO cubic metres per second after the 
outfall has been regulated, and which is to be 
undertaken in the niture. 

At the present time the power station is 
being constructed for four units of 24,000 kVA 
with a power factor of 0.s, and of which three 
only have been ordered at present The gene- 
rafors are wound for II kV, and this is trans¬ 
formed up to 120 kV. Two main transmission 
Unes are supplied at this pressure, viz. one 
having a lenrth of 52 km to Vlbotg, and one 
^th a totaf length of about 517 km for 
western Finland, which passes through Vill- 
manstrahd to HikU, where it divides into two 
branchy one being taken to Abo and one to 
Helsingfors and Karis. 



p»s- a. 




LILLA EDET SWEDISH STATE HYDRO ELECTRIC STATION. 



2 gentraCor 


Asea is at present engaged In complcdng the 
order received for machinery for the fiftli large 
Swedish State Power Station, which has been 
buUt at Lilia Edet on the Gota Hv (River), and 
when finished will be one of the roost teinark^le 
hydro electric stations In the whole world. The 
first of the large three-phase generators was 
delivered last year: the illustration above is a 
view of the second machine, while the third 

( generator is now completed and ready to 
eave the shops in Ves- 
teras. All of these ge¬ 
nerators are designed 
for an output of 10,000 
kVA at 62.S rjp.m., 25 
cycles, 10,000-11,000 
volts, and a power fac¬ 
tor of 0.7. These ma- 
ebihes are probably the 
largest of their kind 
whieh have so for been 
built in Europe, and 
some idea of the di¬ 
mensions cw be gath¬ 


ered from the photographs rcpioduc«^. The 
diameter of the stator at the floor level is 
9,450 mm and the height from the floor to the 
highest point is 6,300 mm, while the lowest 
point of the machine extends to 2,150 mm 
under this level. Each generator weighs 350 
tons complete, of which about 325 tons is 
represented by iron, and the remainder chieny 
by copper. The very great weight In relation to 
the output, and the proportion existing between 

the various materials is 
due to the exceptionally 
low speed wMch has 
in its turn been deter¬ 
mined by the low height 
of fall which is avail¬ 
able. For the same rea¬ 
son the water turbines 
which drive the gene¬ 
rators are of colossal 
size —they are without 
doubt the largest in the 
world which have so 
far been produced — 



UpMt atni-<i«» Mti itti>potrt«g to* <•<»• Ih'o Ull» Edet 
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and as their rotating parts are supported from 
the upper arm-cross of the generators - one 
arm of which will be noted immediately above 
the nun's head in the photograph — this has 
also been made of exceotional strength. The 
supporting bearing, manubetured by Asea, which 
is cotiiained in the centre of the artn-cross and 
IS supported by it. is designed to carry the 
«ceptionally heavy load of 550 tons, which is 
in part made up by the rotating parts of the 



turbine and the shaft, and in part by the excep¬ 
tionally heavy thrust due to the masses and 
teMtaon of the water on the turbine wheel. 

I xJa ****** ***''** generators, 30,000 

kVA, will be used to a large extent to meet 
the load due to the electrificatibn of the main 
"^5,?***? “Ijway line. The power for this railway 
will thus be supplied from Asea generators, 
taken to ^ea transformers through Asea appa- 
ratas and Asea motor converters, for use in motors 
which will also have been manufactured by Asea. 


THE M/S "GRIPSHOLM". 

i 



Rjj, I. M/S '*Gri|>sboJm** grrivci in Golbciiburg, 


c •'Gripsholm" for the 

Swedish America Line Is the iaivest and most 

^***"*“ **"« flyhig the fag of Sweden. 

wku *^ 8.* * ** Messrs. Armstrong 

mitworths yard on the Tyne, and may b? 

said to comm^ce a new chapter in the history 
of transatlantic traffic: steam and smoke have 
disappearwl since the "Gripsholm" is propelled 
by Die«l engines and as these are the largest 
Which have so far been constructed, on this 
fntemr* *** *^**s«* *»as attracted widespread 

, sl'jP^mcasures 574V8 ft- in length, with 
a beam of 74 ft., and is driven by two double- 
* **‘“***y reversible Diesel engines, 
normal running have a speed 

®* and together develop approxi¬ 

mately 17,000 h.p. 

V OT®* *’**ween Gothenburg and New 
York will be accoinplislied in about 8 days. 


Speed and ^worthiness have been combined 
fo the Gripsholm , and all the most modern 
developments in the shipbuilding art have been 
embodied. The space which is occupied by the 
propelling machinery.is considerably Ic.ss In a 
motor ship than in a steam driven vessel, and 
the room available for passengers 1$ on this 
account much extended, the promenade deck 
*** being unusually large. 

Machinery manufactured by Asea has been 
employed to a considerable extent in connec- 
Hon with the equipment of the ship, and all 
the necessary electrical machines for lighHng 
pamnget and goods lifts, refrigerators, ven- 
hlating installation, ballast and bilge pumps, 
thermotank, etc., comprising about 80 DC 
Rotors in skes ranging from Vs up to 35 kW 
togemer with their accessories, have been supp¬ 
lied by Asea. 

Probably however, as. regards material deli- 
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Flu. 2. A vltw oil iltfck showlnu the two 5«lou windws^ 


vcrcd by Asca, the electric winches will be 
found most worthy of attention, both from the 
point of view of ordinary travellers and also 
etkgineers, and a few particulars of these will 

be given. „ , 

On the "GFlpsholm*’ are installed ten >ton 
winches, each furnished with 20 in. cable drums, 
two 16 In. winch heads, and 2-spced gear for 
lifting speeds of 120 and 240 ft. per minute 
with 3 and IVs ton loads respectively. In 
addition there arc two 5-ton winches, also 
ptovid^ with 20-in. cable drums and two 16 
ill. winch heads, the 2*spccd gear in this case 
being arranged for 80 and 200 ft. per minute 
with 5 and 2 ton loads. , . 

All the winches arc furnished with 35 h.p. 
motors wound for 220 volt DC supply. 

These winches, which arc mounted on the 
deck chiefly in the neighb 9 urbood of the hdtebes, 
arc all of an cntlrclv new type, and having 
regard to the partlculirly long lifts which a« 
in question, they have been arranged with the 
cxception<iUy high speeds mentioned ‘above so 


as to make possible the greatest speed practi¬ 
cable in loading and unloading. 

The winches are of exceptionally heavy design 
both as regards the mechanical and electrical 
equipment, and full regard has been given to 
the difficult working conditions under which 
they will have to operate on board. The elec¬ 
trical parts is of a special construction which 
we have developed for this class of machinery, 
and motors, as well as brake magnets and 
operating gear, are completely enclosed by water¬ 
tight- covers, although easily accessible for main¬ 
tenance and oiling. The mechanical construction 
is entirely new, and was developed^ to meet 
the special needs of the case. Spur gears ate 
used, the large wheels being of cast steel and 
the pinions cut from special steel, all the gearing 
having machine cut teeth. All the gears run in 
oil and arc cased in heavy totally enclosed 
oiltight cast iron housings. 

These winches arc operated in the simplest pos¬ 
sible manner, and any deck hand is able to work 
them without experience and special instruction. 
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PRESSURE REGULATION ON POWER NETWORKS USING STEP 

BY STEP REGULATORS. 

The more extended and complicated power one or mom * j.l t 

network becomes, the more difficult is the pres- ary transformer substaHon« F **'®*“^- 

^ 

«««'4'lSop?S.Vrn«S“«dJg S’tiSg'^SrtS^T ‘lomumm 

4 «"!HrL‘"45.Sg"t^ oSTXTsJl* 

power factor, it is often possible to^obtaln^very sinners’ terinllwlf 

good pressure regulation. In cases where thk stem is liehtlv loaded ^ 

■tfelterSSi S.-SS !i;S5a 

of reeu ation This article deiiU wUK j mrther» so that the voltage variations 

use of transformers with adjustable raHo. ^ L?t be sioife Jlld “i?ft "*• ""f 
, A study of the conditions of voltai regula- “SaL L& I'Tf 

E|e=S£“..:rJS‘ 

K'fi- =■££« Fr^i'FFistuSrE! 

ttsst-rjssiiris frtnjS'f 

— short p^iod rognlsHon. Lastly when two or to the fact tkai 

more power networks are interconn«ci#d and » A»a different kinds of load occur 

I. Is dSd S.X. r,5s^"ni “? "i*".”? 

the expression short p^. «TOCted at the power sta- 

* ^ ^ ^ ^ ^ secondary 

and tertiary substations. 

TTLr- _ t .. • 


me expression short pe-^ 
rlod regulation does nolO"^ 
refer to a regulation which 
exactly follows the load 
variations. Such regulation 
in most cases is not ne¬ 
cessary, as the variations 
in load which occur ate 
or such a character that 
it will be sufficient if the 
regulator aicts on voltage 
variations with a duration 
of a few seconds. 

We refer to fig. I, which 
is a schematic diagram 
of a power network. 

From the ..power, station 


4 

-< 0 - 


P^. I. 


To cotaamvx 
Diagram of power nelworiu 


This regulation 4jan be 
done by hand while the 
transformers are hot on 
load* Daily regulation, 
which must be adjusted 
several times per day, can 
either be done at the 
power station or!at the 
secondary transformer sta¬ 
tions* This regulation can 
also be carried put by 
hand, but must be done 
on load. The contrblls can 
be located In the tran^ 
former stations, ori remote 




ASEA-IOURNAL 111 


control can be adopted. In cases where there 
are no attendants available in the neighbour¬ 
hood, the control can be made completely auto¬ 
matic, Short period regulation should be arranged 
for as close to the consumers* premises as pos¬ 
sible, for exaihple in the tertiary transformer 
substations. This regulation must be effected 
under load, and should be folly automatic. 

The voltaee steps are chosen of different 
magnitude, depending on the kind of voltage 
regulation in question. In general the short 
period regulation should be as far as possible 
continuous, or at any rate carried out in small 
steps so that it is not noticeable at the lamps 
on the circuit. As regards daily regulation, 
which is only in operation a few times during 
the day, the voltage steps can be chosen greater; 
and this applies still more to .seasonal regulation. 
In normal cases voltage steps for short period 
regulation should be taken between I and 3 
for daily regulation between 3 and 5 and 
for seasonal Regulation between 5 and 10 

Regulation for parallel operation, the object 
of which is to make possible the transfer of 
energy from one power system to another without 
this transfer of power making the voltage regula¬ 
tion on the dimrent networks dependent upon 
one another, is chiefly in the nature of power 
factor regulation. This voltage regulation is most 
suitably carried out on the transformer or trans¬ 
formers which connect the two systems. This 
can be carried out by hand, by remote control; 
or folly automatically, depending on the con¬ 
ditions. The steps in the regulation and the 
range of regulation can be chosen with consi¬ 
derable latitude. In general, the system of re¬ 
gulation greatly depends on the working con¬ 
ditions desired, and no general rules can be 
given. An example showing the problems which 
occur In conjunction with this kind of re¬ 
gulation has been dealt with in a foregoing 
article in this paper (March 1926, page 40. 
Automatic regulating equipment for the Randers 
'-Aarhus transmission scheme, Denmark), to 
which interested readers arc referred. 

As we have 'mentioned before, voltage re¬ 
gulation is carried out by transformers through 
the alteration' of their ratio. This alteration is 
obtained by arranging extra tappings on' the 
respective windings. These extra tappings can 
be taken up to some position above the upper 
yoke of the tran.sformer, so titat reconnection 
can be effected after lifting the transformer out 
of the tank,- or by making use of hand holes 
in the cover. They can also be carried through 
the cover and changed by hand outside the 
transformer,' or else altered by a tapping switch 
placed inside the tank and operate from'out- 



tna. 2. C.000 kVA Ihret-pbm* lr«m(iinutr, 55. 52, 59 kV, 

50 cjrcks^ Y/Y coniMcicd, willt repOoling Uppingson ibeKX wimling* 


side. In all these cases reconnection must be 
effected with the transformer disconnected from 
the supply. It has been pointed out already in 
a foregoing article in this paper (Sept. 1924, 
page 85), that the arrangement with extra 
tappings carried up to a reconnecting device 
placed above the upper yoke is only suitable 
where the transformer can be partly lifted out 
of the tank, so that this arrangement should 
only be used when the ratio of the transformer 
can be fixed when it is installed. That is to 
say, the method should only be used in cases 
were repeated alteration in the voltage ratio is 
not likely to occur. For requirements of real 
voltage regulation, the transformers should be 
provided wifli some arrangement for easier re¬ 
connection; i.e. with a tapping switch or with 
extra terminals taken through the cover. As 
reconnection in all these cases can only be ef¬ 
fected with the transformer switched off, they 
are'methods of voltage regulation only suitable 
for seasonal regulation. 

For daily regulation, which must be carried 
out oh load, an entirely different reconnecting 
arrangement is required. .For this Asea employs 
so-called "ratio/iregUlatoKi*’, which were de¬ 
signed about 20 years ago. With the help of 



























^cse the ratio of transformers can be altered 
during operation without breaking the current 
or introducing any discontinuity in the volt- 
The ratio regulators, which were origi- 
iidlly built for regulating the voltage of furnace 
transformers, are now designed in a number of 
diBerent types for various purposes, and it is 
the employment of this apparatus which makes 
possible ,thc use of step by step regulation as 
a satisfactory method. In principle they are 
similar to end-ccll regulators as used for accu¬ 
mulator batteries lit that the change from one 
tapping to the nekt is first made through an 
ohmic resistance, which is connected between 
the ^0 tappings, on the transformer between 
which the change is to be made. The resistance 
is afterwards connected in scries with the line 
and Hnallv short circuited. By . operating the 
ratio regulator with a motor, electric remote 
control can be obtained, and .by replacing the 
operating switch or push button-necessary for 
remote control by a contact relay it is. possible 
to obtain full, automatic operation; A regulating 
arrangement so equipped can be used as a short 
period re^lator. 

•Voltage Kgulation is carried out, as before 
described, by altering the ratio of the trans- 
foimers on the supply network, or in separate 
regulating transformers. In the former case the 


extra terminals for altering the ratio can be 
arranged, on either the high or low tension 
winding, depending on which winding is found 
to give the simplest and most reliable arrange¬ 
ment. The selection also depends upon which 
winding has the most suitable dirrent and volt- 
ap for the ratio regulator. In general, the 
high tension winding on a stand<vrd power 
transformer is found to be most suitable tor the 
arrangement of extra tappings, because this wind¬ 
ing commonly lies outside relatively to the core. 
Voltage regulation with tappings on the main 
transformer forms the cheapest solution of the 
problem, the only cost being that of the ratio 
Kgulator and of arranging the extra tapplngjs. 
On the other hand constructional difHcultics 
often limit the number of tappings, making the 
steps larger than might be desirable for the 
purpose In question. 

The separate regulating transformers arc built 
as auto transformers and their output In per¬ 
cent of the transmitted power, i/ equal to naif 
the range of voltage regulation in per cent of 
the mean voltage. They can be connected to 
the high tension or low tension side of the 
main transformer; by making use of two trans¬ 
formers •— one scries transformer and one regu¬ 
lating transformer - it is possible, if necessary, 
to adjust current and voltage for the extra tapp- 
A*®* ratio regulators to suitable values. 
As a separate regulating transformer is in most 
cases a more expensive arrangement'than the 
use of extra tappings for the same range of 
regulation and the same voltage on a trans¬ 
former suitable for other service, it is usually 
cheaper to arrange for regulation on the main 
transformer. In cases where'one can arrange a 
separate regulating unit for considerably lower 
voltage than that for which a ratio regulator 
and tappings on the corresponding normal trans- 
former must be provided, the separate regulating 
unit will however be found cheaper. 

The advantages of the separate regulating 
are most obvious when we compare the 
dilrerent types from the point of view of relia¬ 
bility and with regard to their ability to meet 
varying load conditions. In both cases the vital 
parts consist of transformers, tappings and ratio 
f«gwlato«- The different details should accord- 
ingly, if designed for the same voltage, not differ 
from the reliability standpoint, except that a 
regulating transformer, being a series apparatus, 
is expoMd to much larger mechanical stresses, 
if on short circuits they must take up the full 
The main transformer, however, 
usually limit the currents to safe values for the 
regumting transformer, except possibly for short- 
circuits within the transformer, so that the 


weakness of the regulating transformer in this 
respect Is of small practical importance. The 
advantages of the separate regulating transformer 
from the point of view of reliability consist 
partly of the fact that the emulating parts in 
most cases cah be designed for comparatively 
low voltage, and partly that they can be easily 
disconnected when a breakdown takes place, 
and working continued without interruption, 
although with depreciated voltage conditions. 
The greate.st advantage with the separate re¬ 
gulating units Is, however, that they give a 
power network equipped with such units great 
adaptability to altered power requirements and 
power, distribution. A relatively large network 
c,in, for example, be designed for three or four 
different voltages, a high tension V| for long 
lines, a medium V,. and one or more low volt¬ 
ages Va and Y|. At different points on the net- 
work the regulating requirements usually vary. 
This means that if voltage regulation Is carried 
out by tAp^ngs ou uie JtiAin ttAi[\sforJiicr> 
making for example a change from Vj to V*, a 
transformer must be used at each such point 
of regulation. 

If it is required to change the transformers 
round on account of increased load or other 
alterations on the network, this cannot always 
be done in the roost satisfactory way, partly as 
transformers designed in a different manner 
cannot always operate in parallel, and partly as 
transformers which are furnished for certain 
requirements of regulation do not always meet 
the requirements existing on other points of the 
network. The whole system Is accordingly in¬ 
flexible, and cannot be adapted to meet changed 
conditions arising due to development. 

If, however, all the main transformers are 
designed for example for changing from Vi to 
Vj without regulating tapplnp, or with only 
such tappings as ace requirecT for seasonal re- 

S ilation, «.g. ± 5 arranged for changing with 
e transformers dead, with the same ratios, 
short circuit voltages and system of connec¬ 
tions, so that they can all operate in pMallel, 
and if all regulation during working is effected 
by separate regulating units properly desigited 
for the various points at whid) they ace in¬ 
stalled, then a considerably more flexible 
system is obtained. The main transformers are 
also* in this way simpler and cheaper. The 
regulating units, which represent a comparatively 
small part of the cost of the transformations, are 
of course designed for the regulating require¬ 
ments' at the respective points, but ate easily 
removable and can be better suited to altered 
conditions. The main transforroecs can be mpved 
without any alteration, so as,to be in the most 


suitable places. Such a manner of arranging 
transformers may be dearer In the first instance 
than arranging regulation on the main trans¬ 
formers, but in the long run there is a con¬ 
siderable advantage, since new equipments can 
be made more .‘idaptable to extensions and 
alterations in the network, and above all, as it 
is not necessary to lay out new plant In an 
unsuitable manner in order to make the best 
use of existing transformers.. If the same prin¬ 
ciple is carried through all the transformers, 
that is to say for those also which are required 
for voltages Vg and V|, we obtain a power 
network which not only can be adapted to 
altered conditions, but which is also reliable, 
particularly as the question of spares can be 
dealt with in a simple and cheap manner. 

Induction regulators may be directly compared 
with the separate regulating units described 
above. In power networks they were used earlier 
than step-by-step regulators and arc often con¬ 
sidered superior to these because a continuous 
voltage- regulation can be obtained. This advan¬ 
tage Is, however, only apparent as long as the 
induction regulators are not constructed for rapid 
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operation. As the voltage variations ate very qttick, 
the induction regulators must follow all the varia¬ 
tions automatically in oider that their continuous 
pressure emulation may be made full use of. This 
iSt however, not possible, partly because the mov¬ 
ing partsof the induction regulators have consider¬ 
able inertiat and on this account cannot follow 
the rapid variations, and partly because the 
operating relays contact voltmeters or contact 
relays — which automatically operate the in¬ 
duction regulators, cannot be made to work 
on voltage variations less than from 1~2 %. 
On account of this fiict induction regulators do 
not give better results than might be obtained 
with step regulation. If the induction regulators 
arc controlled with operating gear or by hand, 
the possibility of following the voltage variations 
are still poorer, so that continuity in the voltage 
reflation with induction regulators exhibits small 
advantages over step rMulatlon in transformers 
with ratio regulators. I^e advantage which in¬ 
duction regulators have relative to step regulators 
is that the former can be left in any position what¬ 
ever without risk of resistance or contacts burning 
out. If a ratio r^ilator is left in the mid 
position due to Allure of the operating gear, 
/.c. with the intermediate resistance carrying 
current, diis will be burnt out after a longer or 
shorter time unless the whole of the regulating 
apparatus is made dead. By careful construction 
and design of the ratio regulators, it is however 
possible to reduce this risk to a minimum. If 


the driving motor which automatically works 
the ratio regulator is rendered dead when in 
an intermediate position, the intermediate re¬ 
sistance can also be damaged. The risk of this 
is, however, possibly even less, since the chance 
of the voltage falling during the short time (about 
one second) in which the resistance is connected, 
is so small. Under all conditions it is easy to 
protect against burning out of the resistance by 
installing a thermal rday which trips the circuit 
breaker of the regulating unit if the resistance 
becomes too warm. All our automatically ope¬ 
rated ratio regulators of modern design arc 
provided with such relays. 

The disadvantages of induction regulators 
relative to step regulators are partly that they 
are found to be more expensive, less reliable, 
have higher no load losses and reactance, and 
make the plant more complicated if the voltage 
exceeds 3^6000 volts. (Induction regulators 
cannot Be connected directly to the network, 
but must be connected througif one or two 
transformers). If double induction regulators 
are not used, the additional voltage is in phase 
with the line voltage only in the highest and 
lowest positions, and when' the component of 
additional voltage in phase with the line voltage 
is zero, the terminal voltage of the induction regu¬ 
lator is not zero. The result of this is that the in¬ 
duction regulator cannot be disconnected on load, 
but the line must first be made dead so that the 
induction regulator is not directly short circuited. 
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THE ASEA RATIO REGULATORS. 




The first ratio regulators made by Asea 
were intended for regulating the voltage of trans¬ 
formers used for electric furnaces. The working 
conditions made it necessary to be able to regulate 
the voltage supplied to the furnace within wide 
limits. As in most cases the furnace equipments 
were supplied from a power network having a 
constant voltage, this vol¬ 
tage regulation could only 
be effected by altering the 
ratio of the transformers 
employed. In order to sim¬ 
plify the changes in con¬ 
nections required on this 
account, ratio regulators 
were designed for opera¬ 
ting on load. These, which 
were known as type UR 
regulators, were the only 
types constructed for a 
number of years, but some 

time ago a number of exis- us fee 

ting disadvantages began «u«(ior 

to be troublesome, and- 
the arrangement was completely redesigned. 
The result of this was that two new types 
were developed, one a universal type for use 
with voltages up to 33 kV, and one a more 
special arrangement for voltages between 33 and 
77 kV. Both these types have now been In use 
for some years, and have been found to meet 
the conditions in a very satisfactory manner. 
As these have not been described before, we 
shall give in the following a few details of their 
construction, and at the same time make a com¬ 
parison between them and the well-known older 
types. 

All these ratio regulators consist in principle 
of a reconnecting arrangement, by which diffe¬ 
rent tappings on a transformer can be conneted 
successively to the incoming line or to other 
terminals on the transformer without breaking 
cither current or voltage. 

The transfer from one tapping a to the next 
in order b is effected by first of all connecting 
an ohmic resistance between the two tappings. 
In the next instant the connection between, 
for example, a and the line is broken without 
the connection between the resistance and the 
line being, removed. The resistance is then con¬ 
nected between tapping b and fbe line, and is 
accordingly in series. In the next instant the 
resistance is short circuited and the line connec¬ 
ted directly to tapping b. Thus, in this manner, 
the reconnection from tapping a to b has been 
made without bnaking current or voltage,* and 


without short circuiting any part of the trans¬ 
former winding during the process. The ohmic 
resi.stance is dimensioned so that the current 
through it will not exceed the normal current 
of the winding when it is connected between 
two tappings on the transformer. 

Regulators of type UR have already been fully 
described in the foregoing 
article, so that in the pre¬ 
sent case we shall only 
refer to their disadvanta¬ 
ges.. The general smpea^ 
ranee is shown in figs. 1 
and 2, It will be seen 
that the contact surfaces 
arc fixed direct to the 
leading through insulators 
These arc arranged in a 
circle, which makes the 
arrangement of the leads 
between the ratio regula- 

, . _ tor and the transformer 

vltW.**** 22 kv. 200 «iaiidK<, jQme^kat difficult. An¬ 
other disadvantage Is that 
the intermediate resistances are separately mount¬ 
ed, thus not only taking up considerable room, 
but also further complicating the layout of the 
conductors. The circular form of the contact 
surhices makes it necessary for the whole ratio 
regulator to be of large dimensions if the 
working voltage or the voltage difference between 
respective tappings is high, The adjustment of 
the contact brushes ancT their contact fingers 
and contact surfaces has also been found to be 
somewhat awkward on account of the large 
diameter of the circular contact pieces, and also 
due to their horizontal position underneath the 
baseplate of the regulator. 

In order to prevent - burning at the brushes 
and contact surfaces, a number of UR type 
regulators for severe operating conditions have 
been made with separate break arrangements 
by means of which the current is closed and 
interrupted. These, which were provided with 
contact pieces of normal knife pattern, were 
mounted on one side of the ratio regulator, 
easily accessible Cor inspection and operated- 
hom the same shaft as the ratio iregulator 
itself. In this way practically all need for 
attention to the actual ratio regulator with 
changing of contacts and bnishes disappears, 
and the necessary attendance Is greatly simp¬ 
lified. The appearance of such a UR type 
regulator with seoarate break arrangement 
can be gathered from fig. 3. One acivantage 
of these older type regulators is that they 
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are rcUHvely 
cheap. This 
(act accout)ts 
(or their conti¬ 
nued use in ca¬ 
ses where there 
is plenty of 
room, where 
working voltage 
and current 
is low, in cases 
where working 
is not in any 
way (orcea, 
and where it is 
above all es¬ 
sential to em- 
ploy an iiiex- 
~ I pensive regu¬ 

lating arrange¬ 
ment. 

In the con¬ 
struction of the new ratio regulators we have 
endeavoured as much 4s possible to do away 
with the disadvantages in the UR type regula¬ 
tors enumerated above. Special attention has 
been given to arranging the leading through 
insulators in such a way that a simple arrange¬ 
ment of connections can be obtained, and to 
embodying the intermediate resistance with the 
regulator while arranging that all moving parts 
are accessible for replacement and adjustment, 
white at the same time constructing the ratio 
regulator so that it an easily be funiished with 
a separate break when necessary. Fig. 4 shows 
the first arrangement of the new ratio regulators 
for use itp to 33 kV, and fig. 5 is a con* 
nection diagram for it when used in conjunc¬ 
tion with a separate regulating transformer for 
^ adjustment It will be clear from these illu¬ 
strations that the ratio resulator consists in 
this case of 6 smaller regulator parts, each of 
which has a separate break arrangement By 
suitably combining these parts a ratio re¬ 
gulator is obtained which takes up relati¬ 
vely small space, and at the same time is 
easily accessible for adjustment and atten¬ 
tion. From fig. 4 it will be seen that the lead¬ 
ing through insulators are arranged In two 
rows, one for the incoming and outgoing 
lines, and the other for connecting the tapp¬ 
ings of the transformer. These last leading 
through insulators are placed also so that 
they are exactly opposite to the terminals 
on the transformer to which they are to be 
connected, so that an exceedingly simple 
conductor system is obtained. The interme¬ 
diate resistances are placed under the coup¬ 


lers and are thus immersed in oil, so that their 
dimeitdons can be very small. 

The operating arrangement, which is made 
particulariy robust, consists of a horizontal shaft 
by which the different parts of the regulator are 
operated in correct order. By jhe use of ball 
beatings at suitable places, and by careful design 
of the whole operating system, friction and un¬ 
necessary stresses ace obviated, so that very 
small amount of power is necessary for working 
the ratio regulator. 

The brushes for the main contacts ate made 
from tempered copper and bronze laminations 
sufficiently strong to withstand deformation by 
any short circuit current which may pass through 
the ratio regulator. As the regulators arc pro¬ 
vided with separate breaking arrangements, no 
make and break of the current takes place at 
these brushes. They are not accordingly sub- 
jected to any particular wear. For smdier cur¬ 
rents, and when working i.s less forced, the 
separate break arrangement can««be dispensed 
with and the main contacts constructed with 
easily renewable sparking contacts, so that even 
in this case there is little tendency for wearing 
or burning to occur at the main contact brushes. 
The separate breaking arrangements ate con¬ 
structed like standard oil immersed changeover 
switches with heavy contacts which can make 
and break any current to be expected without 
damage. 

In the construction of the newest types of 
these ratio regulators, special attention bus 
been given to standardisation as well as to the pro¬ 
duction of gear adaptable to different conditions. 
The three-phase ratio regulators are accord- 
ingly assembled from 3 separate ratio regulator 
elements, one for each phase, and provided 
with separate baseplates and oil tanks, united 
only by the rigid couplings between the hori¬ 
zontal operating shafts and by the common 
framework upon which the whole is erected. 



Fig* .X RffftiiUitor type UK vrith separate brea^ arrangevteiili 
10 kV volf4se« 200 amiieres. 
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For two'phasc ratio regulators 2 such elements 
are used, and for single-phase only one. As a 
stand-by for a 3 or 2-pbase ratio reguKitor It 
Is. thus possible to use one regulator element. 
In the most complete arrangement each element 
is provided with 2 regulator parts, together with 
separate breaking arrangements and Intermediate 
resistance. They can be used for up to 8 regu¬ 
lating steps (9 different voltages) with regula¬ 
tion and for a maximum current strength or 
200 amps. (A type suitable for currents up to 
350 amps, has also been constructed). By con¬ 
necting 2 coupler sections Jn parallel the elements 
can be used for 4 regulating steps (5 voltages) 
and for up to 400 amps. By leaving out one 
complete regulator part, a ratio regulator element 
is obtained for 4 steps and a maximum current 
of 200 amps. By leaving out the separate break¬ 
ing arrangement and using sparking contacts 
on the main contact brushes, a type is obtained 
for lower currents (about 50 amps.) and less 
forced working. Lastly, if the intermediate resist¬ 
ance is removed, together with separate break¬ 
ing arrangements, a type is obtained which is 
suitable for reconnection with the system dead. 
From the above it will be clear that this type 
of ratio regulator is of very general applica¬ 


tion, and by using it in connection with suitably 
designed transformers it can be used for prac¬ 
tically every requirement of regukition likely 
to arise. They are somewhat more expensive 
than our older types, but the advantages more 
than outweigh the increased cost. 

The ratio regulators are furnished for erec¬ 
tion indoors or Outdoors, and for hand opera¬ 
tion, electric remote control or for fully automatic 
control. In the latter case it is an essential re¬ 
quirement that they are constructed with sepa¬ 
rate breaks, as otherwise the automatic working 
would by degrees damage the main contacts. 
As regards the design for various arrangements 
of operation, this will be referred to in the 
following. 

The appearance of the ratio regulators for 
high voltages can be gathered from hgs. 6 and 
7, the diagram of connections being in accor¬ 
dance with fig. 8. These ratio regulators are 
an entirely new departure to the type described 
above. They consist chiefly of a number of 
contacts In oil, operated in suitable order by 
eccentrics on a common operating shaft. They 
arc built up from one regulator element per 
phase joined only by the operating shaft and 
the supporting framework. The leading through 
insulators are mounted on the upper supporting 
plate, and this also carries the beariitgs for the 
operating shaft and necessary levers. The con¬ 
tacts themselves are mounted on a separate pa¬ 
nel which is fixed to the supporting pUtc with 
insulated rods. Under the panel which carries 
the contacts the intermediate resistances are lastly 



riB. 5. ConiMdUm db(r.nn fw nrtio ttnuUtar and IrmtlvniMr 
ft>f d: KSulattiw, 4 8ieps» 





























118 


ASEA-IOURNAL 



FM* «• Hallo cfRiiblor for 4 <te|>s. 46 kV workios mitan, 
ovldoor poHoni. 


mounted. The contacts arc operated by rods of 
insulating material connected to levers which 
arc raised and lowered by the eccentrics on the 
horizontal operating shaft. These ratio regulators 
arc designed for up to 4 regulating steps 
(5 voltages): each element has one contactor 
for every step, and two for operating the inter¬ 
mediate resistance. All making and breaking is 
carried out by the contacts themselves, for which 
reason these are very amply dim.ensloned. The 
contact Rngers arc provided with springs and 
arranged in the lusual manner, so that when 
making and breaking a rolling action takes place 
between the contacts. The contacts are constructed 
for up to 200 amps, normal current 
The leading through insulators of the regu¬ 
lators, which consist of double or triple concentric 
condenser type bushings, are arranged so as 
to be opposite to the insulators on the trans¬ 
former to which they are to be connected. 
In order to simplify the erection of the con¬ 
necting leads, the ratio regulator can be 
mounted upon framework of such a height 
that the upper supporting plate is on a level 
with the cover of the transformer. The opera¬ 
tion of the ratio regulator is carried out from 
the ground level by means of a vertical shaft 
which drives the main operating shaft of the 
regulator through a bevel gear. The whole of the 
operating mechanism is made very strong, and 


carefully manufactured so as to work in an 
absolutely reliable manner. No loose links or 
chains which might bind or ride over their 
sprockets arc used in the device. 

As mentioned before, high tension ratio re- 
plators are built with a maxin).uin of 4 regu- 
latiijg steps. All live parts are insulated from 
earth and from the operating mechanism for 
full working voltage, and insulation of similar 
strength is used between pha.ses. The regulators 
can accordingly be used in combination either 
with auto-transformers or power transformers of 
normal design, having tappings brought out 
through the main terminal and taken either from 
the centra of the windings or from the i^cutral 
point Tliey can be erected indoors or outdoors, 
and are manufactured for hand operation, electric 
remote control, or complete automatic control, 
j ^ dlMdvantagc of the ratio regulators just 
described is that they require a relatively large 
amount of room and a large number of leading 
through insulators if the numb^«of regulatt 
ing steps is high. It would appear to be more 
simple to embody the ratio regulator with 
the transformer, and such regulating arrange¬ 
ments hpe actually been constructed. A requi¬ 
rement for correct technical design with such a 
combination is that the ratio regulator must 
be provided with separate break, and this must 
be placed outside the transformer tank .so that 
the oil in the transformer cannot mix with the 
oil in which the breaks take place. On this 
account the number of leading through Insu¬ 
lators not reduced to such a great extent 
as would be Imagined at first sight. The floor 
space taken is much reduced, but this is at the 
cost of raising 
the height of 
the unit In 
most cases this 
does not cause 
difficulty, espe¬ 
cially in the case 
of outdoor sub- 
stations, but 
transport troub- 
les arc soon en¬ 
countered. The 
transfonners be¬ 
come so high 
that they cannot 
be transported. 
to site without 
entirely dis¬ 
mantling them, 
and it is also 
difficult to shift 
them in the 





transformer station. Another reason why ratio 
regulator combined in the transformer are 
not a very suitable arrangement, is that the 
nature of, ratio regulators and transformers 
differs very widely indeed. The tran.sfonner has, 
practically spqaklng, no moving parts, and re¬ 
quires a very small amount of attention. It is 
only necessary to test the quality and condition 
of the oil regularly, and transformers in some 
cases are not touched for years. A ratio 
regulator winch has a large number of moving 
parts requires regular inspection, and must be 
so arranged that all moving parts and contacts 
are easily accessible. If the ratio regulator 
and transformer are combined. It is necessary 
not only to disconnect the transformers entirely 
from the line when the ratio regulator is in¬ 
spected, but also partly to dismantle It, which 
may be exceedingly troublesome. 

A ratio regulator external to a transformer 
can be quicldy disconnected should a break¬ 
down take place, and the supply can be con¬ 
tinued provisionally, certainly without the ratio 
regulator, but not without the transformer, 
which would be the case If transformer and 
regulator were combined together. In one case it 
is justifiable to combine the regulator and Irans- 
former, namely when they form together a sepa-. 
rate regulating apparatus without any other 
fiinction. In this case, however, as the trans-. 
former Is connected as a booster, and is thus 
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small relative to the power which passes 
through it, the transformer will ustially be so 
small that building the regulator together with 
it does not give any great reduction in space. 
In general, for the reasons given above. It 
is not advisable to combine the transformer 
and ratio regulator. 

For operating the ratio regulator, it is pro-, 
vided with a handle or handwheel, or with a 
sprocket mounted direct on the o^rating shaft. 
By a special ratchet arrangement the running 
positions are determined, and when it is moved 
an indicator which is mechanically coupled to 
it shows* by means of figures the position of 
the regulator. If the regulator is erected in Such 
a position that operation cannot be carried out 
direct at its own level, the operating shaft is 
furnished with a bevel gear and a specially 
extended shaft which is carried dqifrn to the 
operating position. Chains should not be used, 
as they have a great tendency to increase in 
length, and owing to this It can happen that 
a regulator may be left in an inteimediate posi¬ 
tion due to backlash. For remote fontrol the 
ratio regulator is provided with an electric 
motor which, drives the operating shaft through a 
reduction gear. The motor is worked from a relay 
or from a double push button, so arranged that 
the motor cau be set in motion in either direction. 
The appearance of an electric operating arran¬ 
gement can be gathered from ng. 9. This is 
provided with auxiliary contacts and switches, 
arranged so that the regulator moves only through 
one regulating step each time the operating 
circuit is closed, and so that the regulator can¬ 
not be operated beyond its end position, and 
so as to ensure that a movement giving one 
regulating step once started will be completed 







120 


ASEA-IOURNAL 


if the current through the operating switch is 
broken, or if it is later changed for regula¬ 
tion to some other position. For indicating the 
position of the regulator, signal lamps ace used, 
which are connected through a small switch 
driven from the operating shaft. In case.s where 
operation is to be carried out from a relatively 
long distance, regulation can be effected from 
the reading of a voltmeter, and leads for the 
signal lamps need not be taken all the way to 
the operating position. 

With fully automatic regulation at constant 
voltage, operation is carried out with the dri¬ 
ving arrangement described above, but the ope¬ 
rating switch is replaced by a contact relay supp¬ 
lied from the line on which the voltage is to 
be kept constant. As' soon as the voltage departs 
by a certain percentage from the constant value, 
the contact relay closes the operating circuit 
and sets in motion the driving motor in one 
direction or the other. The closeness with which 
the voltage can be kept constant with an auto¬ 
matic ratio regulator is dependent on the sen¬ 
sitivity of the contact relays, as well as on the 
magnitude of the voltage steps on the regub- 
ting transformer. The former can teach 1 to 
1V| % variation in voltage, and the latter should 
be chosen for the conditions under considera¬ 
tion. It is necessary, however, to consider the 
magnitude of the voltan step and the sensiti¬ 
vity of the contact reby in relation to one 
another. In order that a voltage variation which 
is t>f such magnitude that it will just operate 
the contact relay may be compensated for by 
only one regulating step, this should be at 
least equal to the magnitude of the volbge 
variation, i.e. equal to the sensitivity of the 
contact relay, and the 
regulating step should 
not be greater than app¬ 
roximately l.s times the 
sensitivity of the con¬ 
tact relay, otherwise 
there is a risk of the ratio 
regulator hunting. 

Accordingly, if a vol¬ 
tage step of 2 ^ on the 


transformer is chosen, a contact reby must be 
installed which has a voltage variation of from 
1.3 to 2 

With automatic operation it is .possible to 
make a regulating unit which will give a voltage 
increasing with the load on the network by 
placing in series with the pressure transformer 
which supplied the contact reby an adjustable 
ohmic and inductive resistance, which is in tunt 
connected in the secondary circuit of a current 
transformer placed in the outgoing lines. The 
voltage drop in the compeixsating resistance can 
then be balanced so as to be exactly similar to 
the voltage drop in the outgoing line to the 
point at which the voltage is tol>e kept con¬ 
stant. By suitably connecting and dimensioning 
the compensating resistance the automatic regu- 
bring arrangement can also be arranged to con¬ 
trol the division of the reactive power between 
two different networks running in parallel. The 
appearance of a panel arranged with operating 
relay, contact relay, push buttons^compensators 
etc. Is shown by fig. 10. 

In order to obtain the greatest dependability, 
automatically operated ratio regulators should 
always be furnished witlt a wheel for hand 
operation and an operating reby for electric 
remote control, ano a ratio regulator for 
remote control only with a handwheel for 
band operation. In order to protect the ratio 
regulator against stopping in an intermediate 
position and burning out the intermediate resi¬ 
stance, this should be provided with a signalling 
contact which closes the circuit and gives a sig¬ 
nal during the time that the ratio regulator 
is between two steps. As an extra protection, 
distant and automatically operated ratio regula¬ 
tors are also fitted with 
thermal relays which close 
a contact if the tepxpcra- 
ture of the oil in the re¬ 
gulator exceeds a certain 
value. These relays rele¬ 
ase the main circuit break¬ 
ers for the regulating 
transformer, and the who¬ 
le unit is rendered dead. 



Fig* 10. Opcf«tbig relujTS 6tc« for aulonaiie presstcr^ rrgnlaUoo. 




VARIOUS METHODS OF ARRANGING REGULATING STEPS ON 

TRANSFORMERS. 


In general it has been found that requirements 
as regards regulation are exceedingly variable. 
They can, ho*.vever, be reduced to a tew simple 
cases. In the following we give the most usual 
systems of connection which occur when voltage 
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np. I. Diagram of vollago rapiUilIng unit ooiuittriw of 4 terief 
tramranner ami two 2-W4y swlldi^ 

regulation is arranged with a transformer in 
conjunction with a ratio regulator or other 
tapping arrangement. With these connections 
and with variations of them, nearly all regu¬ 
lating requirements can be met 

When a cheap regulating arrangement for 
comparatively simple requirements is desired, 
an arrangement in accordance with Hg. 1 can 
be used. This consists of one series transformer 
and two 3-pole 2-way switches. One winding 
of the transformer AX, BY, CZ is connected 
in series with the line, and the other winding 
ax, by, CZ is connected in Y to the line through 
the changeover switches 1 and II. When switch 
I is III position I, and II in position 2, the 
series transformer gives, for example, a positive 
additional voltage. If the changeover switch I 
is placed in position 2, the secondary of the 
transformer is short circuited .ind acts as a short 
circuited current transformer. Under these con¬ 
ditions there exists only the normal voltage 
drop, and the voltage at the incoming and out¬ 
going lines is practidilly the same. If then the 
changeover switch II is placed in position 1, 
the additional voltage is negative and the out¬ 
going voltage is lower than the incoming. With 
this arrangement accordingly we obtain ± ^gu- 
lafion in 2 steps. This arrangement should only 


be made use of with hand operation or electric 
remote control, as otherwise (he operating arran¬ 
gement would become complicated and less re¬ 
liable. If no intermediate resistance is arranged 
in the changeover switches, so that changing 
from one position to another is carried out 
without breaking the current, the arrangement 
should not be used for high voltages, since 
during the instant of switching over a pressure 
reaching about double the normal is induced 
in the magnetising winding ax, by, cz with full 
current in the series winding. Without inter¬ 
mediate resistance accordingly the arrangement 
shoidd not be used for higmir working voltages 
than up to about 1500 volts. With an inter¬ 
mediate resistance it can be used up to 6000 
or 10 000 volts. The changeover switches must 
be designed so that they can only be left either 
in position I or 2, and. hot in any intermediate 
position, as in such case there would be a risk 
of damaging the core of the series' transformer 
by heating, since the transformer would act as 
a current transfor- ioeomfnff /Imi 

met with open se- •/ |4 ' 1/ 

condary winding. T * I* I* 

The arrangement cti ^ f . 

has the advantages, ^ ^ ^ 

in addition to rim- ^ 

plicity and cheap- ^ < 

ness, that the ^ ^ 

chaneeover switch- < ^ 

es tnemselves arc 

not in series with < < 

the line current, ^ ^ 

and accordingly . • 

only require to be . 

of such dimeusions 
as to be capable of 

dealing with the > ^ 

current in the mag- **5^ < ^ ^ 

netisiug winding, 
and no incorrect a 
connections can be Jfe ^ S* 
made by operating ^ j[^ * 
these switches. ' |L— I I — 

For voltage re- C I L— | 

g'ubllon by means S J I t I I S J I 
of extra tappings A 

on a standard po- Y > 4^ Iq S 

wer transformer, 
three different me- I 

tbods can be used. ^ 

The extra tappings Ouigoiog mts. 

can be arranged ■ fi*. i. Dhgnun qf tuiKhni pawn 
either at the tennl- 
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by us already. In view of the present demand 
for the greatest reliability in working, wc do 
not, however, recommend such an arrangement, 
out design the ratio regulators just as If they 
were to be placed at the ends of the winding, 
ihete is thus no economic advantage in mak¬ 
ing use of the arrangement, but somewhat 
increased reliability is obtained if the ratio re¬ 
gulator which is insulated for the line voltage 
between the respective phases is placed at the 
neutral p<rint instead of at the terminals of the 
winding. The regulating tappings should accor¬ 
dingly be arranged at the neutral point when¬ 
ever there is sufficient space in the transformer 
and on the cover, and when great reliability 
Is desired. This, however, is only on the 
a^umption that the ratio regulator Is design¬ 
ed as explained above. The arrangement is 
somewhat more expensive than If the tapp- 
mgs are made at the ends of the winding. 
Ihe extm tappings should be arranged in the 
centre of the windings if a relatively large vol- 
tegc regulaUon range is required. If the tappings 
are arranged In the centre of the winding, the 
magnetic dissymmetry Is least. With this arran- 
gement it is easiest to obtain small dissymmetry 
wlm small losses and alteration in reactance at 
r even if a considerable amount 

of the winding has to be disconnected. This 

incom/nff Unvx 


nak of the transformer, at the neutral point or 
u fbc windings. Figs, 2 and 3 

show the Connections between transformer and 
ratio mulatpr in the two former cases. The 
method which is most suitable In any case is 
1 * constructional question to be sett¬ 

led by the designers of the transformer and 
ratio Mgiuator. The advantage of the arrange¬ 
ment having tappings close to the terminals is that 
the number of leading through insulators on 
the transformer cover is reduced, and this ar¬ 
rangement should accordingly be adonted when 
there is limited space on the cover. If the tapp¬ 
ings are placed at the neutral point, the grea¬ 
test potential difference between current carrying 
Mits oi\ the ratio regulator Is only equal to 
the magnitude of the range of regulaHon. The 
dilterent phases do not accordingly require to 
be insulated for the working voltage, and it is 
accordingly only necessary to insulate the com¬ 
plete ratio regulator for the working voltage 
to earth. For a high tensioji transformer It is 
thus only necessary to use a ratio regulator 
desired for low voltage but mounted on high 
tension insulators, so that the requisite insula¬ 
tion to earth is obtoined. This method of ar¬ 
ranging for regulation jbas often been employed 



Outg<f/ng Ufimx 

Fig. 4. Digram of rcguhling imll wilh 4Ulo.traiitlbrmer.. 


arrangement requires still more leading through 
insulators for the same number of regulating 
steps, and is accordingly not suitable for a 
trans/ormer having a small amount of space on 
the cover. On account of difficulties in bringing 
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leads from the extra lappings from the centre 
of the windings through the oil channel bet¬ 
ween the high and low tension coils, or between 
the low tension winding and the core, the ar¬ 
rangement cannot be used when regulation is 
required on the low tension winding of the 
transformer, provided that this winding Is loca¬ 
ted next to the core. It will accordingly be seen 
from the above that the location of the extra 
tappings is a constructional question, and it is 
not possible to say definitely that any one of 
the arrangements mentioned is to be particularly 

| >referred, either from the point of view of re- 
iabJlity or from the economic standpoint. The 
choice of the method to be adopted as most 
suitable in any case should accordingly be left 
to the designers of the transformer and the 
ratio regulator. 

For step by step regulation with booster trans¬ 
formers a very large number of different coup¬ 
ling arrangements can come into question, and 
figs. d-'S show some examples of these. The 
simplest case of voltage regulation with a booster 
transformer is when the voltage at one point 
on the network is to be kept constant, and 
when the incoming voltage varies between a 
constant value and a predetermined lowest va¬ 
lue. The scheme shown in fig. 4 holds for this 
case. The incoming lines 4, Tj, h are connected 
to the terminals Ag, Bg, Q pn the transformer,- 


and the outgoing lines La Lh and Lc are con¬ 
nected through the ratio regulator to tappings 
Ag—A,, Bg—B„ Cjj—C„ successively. When the 
incoming voltage is at its highest value, the 
ratio regulator is placed on terminals Ag, Bg, Cg. 
As the voltage of the incoming line falls, the 
ratio regulator Is moved to tappings A 4 Bg C 4 , 
A, Bg Cg etc., in which manner the outgoing 
voltage is kept constant. If the booster trans¬ 
former is arranged as above, the induction in 
the transformer core falls in proportion to 
the incoming primary voltage. The trans¬ 
former cannot then be utilised to an extent 
corresponding to the material used in its manu¬ 
facture. It i.s more suitable in this case to con¬ 
nect the lines which should have constant vol¬ 
tage directly to the tappings A, Bi C„ on the 
transformer, and to connect the lines on which 
the voltage is varying through the ratio 
regulator successively to terminals A| B, C|, Ag 
Bg Cg etc. The induction in the transformer 
core is then constant the whole time, and the 
transformer is fully utilised. In the former 
case lower iron losses arc obtained with the 
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Fte. 6. bbgraiii of ttoolaliog unit with au1o»Cr«ittfono«r and uHo 
ifenulator for ± tc}|nlaiion» urith adjust>iilc raiifte of rcgulatfoo. 

lower incoming voltage, but this is not of great 
importance as the efficiency of the booster trans¬ 
former as based on the outgoing power is 
SO high that a small reduction in the losses' 
can be practically neglected.- In the scheme 
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sketcbed in fig. 4, it is therefore mote suitable 
that (he incoming voltage is constant, and the 
outgoing voltage raised to compensate the volt¬ 
age drop in the line. The arrangement is accord¬ 
ingly suitable for voltage regulation on out¬ 
going lines connected to a busbar system with 
constant Voltage. 

. The scheme shown in fig. 4 allows (or the raising 
of the outgoing voltage in 4 steps with constant 
incoming voltage. By connecting the incoming 
lines to tappings A, Cg instead of to Ag Bg 
Cg, a voltage regulation on the outgoing lines 
is obtained similarly in 4 stcp.s between the 
highest and lowest values which lie equally 
above and below the value of the incoming 
voltage. In this way a + and — regulation is 
obtained with an equally large positive and ne¬ 
gative range. If the incoming lines ate connect¬ 
ed to A.| Bj C 4 or Aj Bg Q, a ± regulation 
is obtained that gives a different range for 
positive and negative regulation. 

If the transformers are constructed in the 
same manner as shown,in fig. 4, but with the 
ratio regulator having 6 sections instead of 3, 
we obtain a ± regulation with double the 
number of regulating steps. Fig. 5 shows the 


diagram of connections in this case. The in¬ 
coming lines are connected siiccessilvely to tapp¬ 
ings A| B| C| up to Ag Bg Cg by means of 
3 of the regulator sections, and the outgoing 
lines ace connected succe.ssivcly from tappings 
Aj Bg Cg to Aj B( C, by means-of the remain¬ 
ing 3 regulator sections. When the Incoming and 
outgoing lines are connected to the same tapp¬ 
ings Ag Bj, Cg on the transformer, the voltage 
is the same for incoming and outgoing lines. 
If the incoming lines are connected to Ag Bj Cg 
etc. or A, B( C| at the same time as the out¬ 
going lines are connected to Ag Bg Cg, A4 B 4 C4, 
or Ag Bg Cg, WO obtain a reduction in voltage, 
and if the incoming lines are connected to tapp¬ 
ings Ag B# Cg, A 4 B, C„ or Ag Bg Cg at the 
same time as the outgoing lines ate connected 
tO:Ag Bg Cg or Ai Bj Cj, wc obtain a rise in 
voltage. In this manner we obtain with only 5 
regulating tappings on the transformer, 9 diffe¬ 
rent voltage steps. In this way die number of 
extra terminals and leading tbroCgh insulators 
on the transformer and ratio regulator is 
considerably reduced, so that the reliability and 

fncomfag Un^s. 



Outgoing llnt% Ooghfimn^. » Roguinting imnifomnn 
Unaningikopplw * RnUo iogukilor, 

ng» C. Diagram of tegiilaHtig nnlt irllli series lraiisfor«ieri MgvlaHng 
Iranifonper aad raUo mgiiUlor. 


the possibility of obtaining a Urge number of 
regulating steps, even on small transformers, is 
greatly increased. 

When. transformers ate furnished in accord¬ 
ance , with fig. S, If the incoming voltage is 
constant and * R,^and the voltage of the regu- 
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lating' winding is e, we obtain a voltage regula¬ 
tion between E + e and E — e on the outgoing 
lines. Further, i 6 the transformer is furnished as 
shown in the scheme in fig, 6 , we obtain a 
displacement of the range of voltage regulation, 
so that either % pumly -F regulation or a purely 
— regulation is obtained, or so that -H and ^ 
regulation ranges arc of unequal magnitude. The 
number of regulating steps is in every case 8 
(9 voltages), although the number of regulating 
tappings is only 6 per phase. If the incoming 
voltage remains constant and E, the regulating 
windings a^, bi b^, C| c^, give an aclditional 
voltage «!, and the regulating windings A^—Aj 
Bi—Bj, Cj—Cji give the additional voltage e*, 
and we obtain a voltage regulation on the outgoing 
line between E+e^ + Ct and £ -I- e, — e,. It c, is 
of equal magnitude to we obtain pure -f regu¬ 
lation between the voltages E+2cg and E, and 
if c, is equal to — we obtain pure — regulation 
between the voltages E — 2cj and E. La.stlY, 
if Cj is numerically less than we obtain H* 
and — regulation with and —• ranges of re¬ 
gulation which differ in magnitude. 

The possibilities of very extended regulation 
which are obtained by using the arrangement 
in accordance with the diagram 6 , can be 
further increased if the method is completed by 
the addition of a two-way changeover coupling 
arrangement, which is shown in fig. 7. Here 
terminals aj 6 , c, and c, are connected to 
the two-way changeover switch, the blades of 
which arc connected to the incoming lines. The 
terminals a^ 6 . Cj as before ace connected to 
the ratio regulator. If the incoming lines are 
connected to the tappings a^ b^ c^, we obtain 
the same scheme as shown In fig. 6 , and the 
tanee of regulation which is obtained is, as 
betore, £ + e, + e, to £ + e, — Cj, where £ Is 
constant If the incoming lines ace connected 
to terminals aj b, c„ the scheme of connections 
becomes the same as for fig. 5. If we neglect 
the fact that with a constant value of £ the 
added voltages Cf and 4 'with this system of 
connection are decreased in proportion to the 
ratio of £ to £ + e, with this connection we 
obtain a regulation from £ -h e, to £ — e,. 
The regulating range, for the outgoing lines is 
thus equally Targe in both cases and is equal 
to 2 e|, but in the former case the added voltage 
e, is displaced with relation to the incoming 
voltage £. The total range of regulation which ' 
is obtained in this manner is thus from £—Cj 
to £ + + ‘a> and within this range only le^ 

can be changed on load with the ratio regulator. 
The changing over of the two-way switch 
can be effected when no current is passing, or 
even under load, if the swit(;|i Is provided with 



To fmoaeo. 

rr»nsfotn»tUtr TnoMfotjim. 

Hr. 9. tMARram riinwKt transformer wilh calio Y^RuUtor, 

Ifivlitii lariie volteRo rcRitbliiMi. 


suitable intermediate resistance. This regulating 
arrangement can accordingly be used when dit 
ferent regulating ranges are required during dif¬ 
ferent parts of the dlay or during different parts 
of the year. In each range of regulation changes 
are made by means of the ratio regulator, 
while the transition from one range to another 
is made by the changeover switch. 

It has been mentioned in a foregoing article 
that our ratio regulators are not designed for 
higher working currents than 200 and 350 am¬ 
peres. By arranging the regulation in accordance 
with the scheme .shown in fig. 8 it is possible 
to make use of ratio regulators of standard 
design, even in cases where the line current is 
considerably higher than the above, maximum 
figures. In this case the emulating'arrangement 
consists of a series transformer (in the figure 
sbowit auto'connected), one winding being oou- 
uected in series with the lines, and the other 
winding supplied through a ratio regulator 
from a standard regulating transfociner. One 
winding of this last transformer (the magnetis¬ 
ing winding) is supplied from the incoming 
lines. The other wiirdfng is designed as a stan¬ 
dard regulating winding with, for example, S 
tappings, and is connected up to a ratio re¬ 
gulator for ± reflation. By a suitable choice 
of voltages for . me . regulating winding and the 
series trairsformer, the current passing through 
the ratio regulator can be reduced to any 
desired value. 'Whether a series transformer with 
auto-cohnected or electrically separate wlndtn« 
is used depends upon the extent to which toe 
current through. the ratio regulator mii$t be 
reduced. When the ratio between the current 
in the line and that in the ratio regulator 
is less than 2, it is in general possible to make 
use of auto-connection. If the ratio is greater 
than .2, a ..series transformer with separate wind¬ 
ing must ‘be used. 

An arrangement as shown in the scheme in 
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fig. 8, but with a series transformer with elec¬ 
trically separate windings, can also be used if 
the voltage of the line is higher than the maxi¬ 
mum allowable for the ratio regulator. The 
regulating winding of the regulating transformer, 
the ratio regulator and the magnetising wind¬ 
ing of. the series transformer are then quite 
separate from the lines in the electrical respect, 
and (an accordingly be designed for the most 
suitable voltage for the ratio regulator, quite 
independent of the line voltage- Accordingly, 
if voltage regulation Is required on a 100 kV 
system, this can be obtained by using separate 
regulating apparatus without having to design 
the ratio regulator, the regulating winding and 
Kgulating tappings for a higher voltage than, 
for example, 10 kV. It will be clear that this 


means a very considerable gain from the point 
of view of reliability. 

In a former article it was mentioned that our 
ratio regulators were originally supplied for 
Kffulating the voltage oix furnace transformers. 

***^**5 of ratio regulat<Srs also are sui¬ 
table for this service, and fig. 9 shows a scheme 
embodying a modern universal ratio regulator 
used for regulating the voltage of a himace 
transformer, and giving a very large range of 
regulation. Each ot the six units of the regulator 
Is connected to its own regulating winding in 
the respective phases, and by successive discon¬ 
nection of the parts of this winding we obtain 
tcralati(>n of the secondary voltage In 8 steps 
when the infoming voltage on the primary 
side is constant. 


RAILWAY ELECTRIFICATION IN SWEDEN. 


Asea has obtained very wide experience in 
electric railways at first hand by the electrifica¬ 
tion of the Riksgrans Railway, as well as a 
number of privately owned lines and many 
tramways throughout Sweden. In addition, the 
electrification of the Oslo-Drammen section of 
the Norwegian State Railway, and a large 
number of railways and tramways in Norway, 
Denmark and Finland are excellent examples 
ot the quality of . the equipment. furnishecl by 
Asea. The results which have been obtained 


during the twelve years of operation of the 
Ri^grans Railway (the section of the Swe¬ 
dish Stale Railway serving the iron ore di¬ 
strict in ^pland and having a length of 
about 450 kilometres) have far exeeded the re¬ 
quirements of the specification which had to 
be met, and during the time the line has been in 
use, the suitability of design and good wearing 
qualities of the electrical equipment has been well 
demonstrated. As a direct result of this success 
Asea was entrusted In 1923 with the electrifica- 
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Pig» 2 . Interior Ibe Sockrldje converter ttnllon. 


tion o( the Stockholm'-Gotbenburg section (458 
kilometres) of the Swedish Railway system. • 
This work is now complete throughout the 
whole length of the electrified State lines in 
Sweden, which approximate to about 900 km, 
and is the greatest stretch of any electrified 
railway in Europe, 


All power required for this line is supplied from 
power stations which are equipped throughout 
with Asea generators. This power is distributed 
by means of apparatus of Asea manufacture, 
and Rnally comes to the electric locomotives 
with their machines, auxiliaries, and apparatus 
also of Asea construction. 
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CAN YOU AFFORD 
TO IGNORE 

THE ADVANTAGES OF 

RAILWAY-ELECTRIFICATION? 

The clcchriBcation of a railway gives rise to; 

h Iitcrcascd traffic ca|>acity due to increas¬ 
ed acceleration^ train weight and speed. 

2. Reduction in engine shed capacity to 
about bne-half — the electric locomo¬ 
tive can be utilised in a Ear greater 
degree than tlic steam locomotive. 

3. Power stations, and transmission lines 
are better utilised — power charges to 
all users arc decreased. 

4. Decrease in size of shops, staff, repair^ 
and upkeep coste. 

5. Travelling is quicker, more comfortable 
and time schedule better maintained. 

ASHA has electrified over 1500 km (900 
miles) of railways, the contracts Including 
power stations, transmission lines and 
rolling stock, and the pictures show some 
locomotives dellverecf. 

Hngineers acknowledge unreservedly that 
Asea arc pioneers in the domain of rail¬ 
way electrification and arc fully equipped 
to carry out such work. 
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THE LILLA EDET POWER STATION, SWEDEN. 

So hr the Swedish Government has been power house connects it with the regulating dam 
r^ponsible for the erection of five main hydro- in the centre of the river and beyond that a 
electric stations and of these the Lilia. Edet series of dams and sluices continue across to 
station is the last to be completed, and occupies the western bank.: By means ^ a temporary 
the most southerly position. In the case of this dam construction, the station is further connected 



Rg. I. Tk* pwmt Malton (ran llu Smub WnU 


particular plant a great deal of preliminary work 
was carded out many years ago,, but the actual 
construction did not commence until 1918 when 
the Swedish Riksdag decided to proceed with 
the scheme. The station is located on the Gofa EIv 
(River) at the point where the last of the three 
main series of falls occurs; that is to say,, about 
SS km from the mouth of the river at Gothen- 
huigi and 35 km. from Vanersboig, the. source.. 
On the site there were previously two industrial 
undertaking - the Lilia Edet paper mill and 
the Inlands paper works which made use 
to some extent of the water power available in 
the mils.. These plants were purchased, by the 
State and the old paper mill buildings have 
been pulled down and a power station building 
of most modern design erected in their place. 
This building is located on the. eastern bank of 
the river,, and the. first section, which has now 
been completed, represents the end of the station 
prolectitog fiurthest. out into the river and houses 
three unite, each of 10,000 h.p.. A new dam, 
starlittg: fraim. the north western, corner, of the 


to the eastern bank to which a temporary railway 
bridge also leaves access across this so far un¬ 
completed part of the power house. 

Having regard to the existing demand (or 
electrical power,, it was intended when the 
buildings were put in band to have the work 
completed, and the station put into service by 
1921.. Meanwhile, however, the industrial crisis 
following the War period caused a very con¬ 
siderable decrease in the power demand. At 
one. time it was even debated whether the con¬ 
structional. work should be abandoned until a 
more favourable time.. Happily, a change in 
conditions occurred and the work was continued, 
although somewhat slowly,, and the time was 
further extended due to the occurrence of some 
unfortunate strikes so that the opening of the 
station which,, in. accordance with the altered 
plans, shotdd have, taken place In 1924 was 
further postponed until tlie present year, when 
the first unit was started, up on the 7 th of January. 

The plaiit is one of the most interesting which 
has been set to weprk in recent years. Particularly 
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Fig* 2* KiiniMc <»f Kaplan torblni wMi movable Madet. 


from , the hydraulic point of view it differs in 
many characteristics from other- large hydro¬ 
electric power stations in all parte of the world. 
Not' only are the three turbines of an entirely 
new type, but as regards dimensions they are 
the largest in the world. The turbine intake 
arrangements, and also the headrace and tailrace 
designs,' differ considerably from thdse which 
are commonly used, it will be appreciated in 
particular that the great quantity of water which, 
at full load, is approximately 150 cubic metres 
per second for each turbine and the very low 
head which is only about 6.5 metres, has made 
It'necessary to adopt constnictions very unlike 
those used on. previous occasions. By a part 
ticiilarly complete.preliminary investigation con¬ 
cluded with careful tests bn models, a number 
of which were shown during the Gothenburg 
Exhibition in 1923, the Swedish Stale Power 
Board were able'to make all neces«ry prepara¬ 
tions for the work, and to ensure that the type 
of machine chosen would be an entirely suitable 
construction. 

Of the three turbines which are all of the 
so-called propeller type and with single wheel 
and vertical shafts, one is a Kaplan turbine 
with movable impelloc wheel blades the overall 
diameter of the impellbt'being hot less than 
metres, while the other two sets are Lawaczeck 
turbines. with rigid impellor ^heelsof6 metres 


diameter. Both types of turbine are noteworthy 
on account of the high full load efficiency which 
reaches approximately 88 per cent, and in the 
case of the Kaplan turbine can be maintained 
unaltered to a considerable degree with other 
loads right down to half load due to the moving 
blades while in the case of the Lawacreck 
turbines, although these are considerable cheaper 
in first cost, the efficiency decreases to a con¬ 
siderable extent even when the load falls slightly 
below the full value. With the system of working 
adopted, however, this is of less importance as 
the unite equipped with Lawaczeck turbines ate 
run fully loaded and any additional surplus 
load is carried by the KapLin turbine, for which 
purpose it is particularly suitable. Bach turbine 
has only one guide bearing and the Impellor 
wheel Is supported together with the rotor of 
the direct coupled alternator by. an upper sup¬ 
porting bearing placed above the generator, 
lire auxiliary machinery etc., is constructed and 
installed in the usual way and differs only from 
that used on other turbine instalatlons 'of the 
same sort in its size and in certain small details. 
On the other hand the operating machinery for 
the blade system of the Kaplan turbine, which 
is arranged inside the boss of the impellor wheel 
and is provided with necessary connections 
running through the hollow turbine- and gene¬ 
rator shaft, is of a construction which is entirely 
special for this particular turbine. 



Pig. 3. Rtmoer Af lawacteck tnrblfM vrith Kxed Urnles* 
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Th« thre«'p]iiis« generators of which two were 
ordered in the summer of 1922 and the third 
t '^*** manufacture and 

with a few exceptions are all of exactly similar 
pattern. They are designed for a continuous 
output .of 10.000 kVA at 62.s r.p.m., 25 periods 
per;second, 10,000^11,000 volts and cosja » 0.7. 
At .the .time the order for these generators was 
Iilaced.it had not been finally decided for what 
periodicity the Lilia Edet station should be built, 
and it was accordingly specified that the ma¬ 
chines sh6uld be constructed foe 25 periods but 
so designed that they could be altered to 50 
periods with the least possible expense if it 
should be found desirable. It was required at 
time that they should be able to give 
tbe^same output at either of these periodicities 
without alteration in speec), voltage, or power 
foctor, etc. The two Lawaczeck turbines have 
direct coupled generators each with its own 
exciter, while the excitation for the generator 
of the Kaplan turbine is obtained from a separate 
exciter unit. The excitation voltage is 220. To 
cover the design, erection, guarantees and testing 
etc., of the generators the. Swedish Waterfalk 
Board prepared a detailed specification. Like the 
turbines^ the generators were also at the time 


the largest, which had been built of this pattern 
In Sweden. Having regard to assembly and 
coupling up to the turbines, they were made 
of vertical pattern, furnished with supporting 
bearing mounted on supporting arms, which 
also carry the guide bearing, the stator of the 
exciter and platform for inspection etc,, and 
have underneath another armcross carrying the 
second guide bearing, the brake and lifting 
gear etc. They arc further totally enclosed and 
self-ventilated and like all large A.C, generators 
have rotating field magnets and fixed armature. 

The dimensions of the power statioH building 
made It necessary that the overall diameter of 
the machines should not exceed 9.7 metres, while 
the turbinebuilders required that the Inner 
diameter of the base ring should be at least 
7.S metres. Having regard to this last requirement 
It was found that the stator diameter could be 
9.45 metres so that the dUtance between the 
various units is somewhat greater than the 
minimum allowed. The base ring is grouted to 
a concrete foundation to* which It Is fixed by 
foundation bolls and anchor plates and carries 
the stator housing which has been made in four 
parts of cast iron to facilitate transport and 
erection. The hqusing Is of such dimensions 
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FCg. 5* Cltralton «f seimalors Nos. 2 and 3. 


and is so designed that it acts as a tollecllng 
duct for the warm aic escaping from the inner 
parts of the machine, and on this account the 
»terior has no openings except at the points 
where the eight supporting arms arc fixed and 
whe^ four removable covers are used In each 
position to allow access *to the inside of the 
stator housing for inspection etc. From the in¬ 
terior of this housing the heated air is lead 
downwards through openings in the inside aiid 
in the base ring to a duct in the machine room. 
The inner cylindrical periphery of the stator 
housing is furnished in the usual manner with 
clamping tings for the armature laminations 
which are securely keyed in position and held 
t^ether by strong press flanges. On account 
of the low periodicity the depth of the armature 
is considerable and ventilation is provided 
for by a large number of ventilating ducts 
of the same width although with a somewhat 
different spacing in the axial^ direction so that 


the stacks of laminations are of varyl|ig thick¬ 
nesses according to the expected variation 
in ventilation and the most even division as 
possible of heating is obtained. Each generator 
contains approximately 37 tons of best Swedish 
dynamo plate. 

Bearing in mind the possible alteration to 50 
periods the stator winding differs somewhat 
from the usual Swedish practice. It is designed 
as a coil winding with two coil sides In each 
slot. At 25 periods the winding has three slots 
per pole and phase, and the coil sides are 
completely finished as regards conductor and 
slot insulation and bent into shape before being 
placed in the open armature slots where they 
are afterwards made fast by means of fiber 
wedges. After being placed in position they 
are connected up, me end connections being 
then finally insulated and clamped in winding 
supports which are composed of two circles or 
bolts carried in the press flanges, one circle 
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Fig* 6. A coMiMiiy of Swedish lcooi» In » Ulb lldet ilalor. 



inside <ind (be other outside the winding and 
arranged in pairs which are connected together 
by radial clamping plates. This winding is much 
Savoured and is considerably used in America and 
certainly possesses some advantages, but there 
are also various 
drawback^ which 
are not met with 
in the coil wind* 
ings which have 
the windiM di¬ 
vided In difiterent 
planes and are 
xised to a greater 
extent inEurope. 

It has been used 
here because the 
necessary, altera¬ 
tion oS the stator 
winding when 
changing the. 
periodicity is 
simpler to carry. 
ouf. When mak¬ 
ing such a change 
there is no need 
to withdraw the 


i.: 


' ^ 





7. The upper end of winding In » quvier section of the sbCor. 


winding from the slots and all that has to be 
done is to shorten the winding step by altering 
the end connections and to renew the insulation 
on the end windings, and this can quite easily 
be effected at the power station. As the radial 
• - iB ?r " 'i width of the end 

Sfe • windings is de- 

' '■ ’ creased about 

one half with an 
alteration to 50 
periods on ac¬ 
count of the 
shortened coil 
step the winding 
clamps are fur¬ 
nished with new 
specially finished 
packing pieces 
after, the' wind¬ 
ing, has been re¬ 
connected, and 
in . this way the 
clamping bolts 
suit equally well 
and provide the 
same firm sup¬ 
port which they 
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gave with the original arrangement. The in- tions. Next to the copper eondnctor sections 
sulation of the winding Is particularly heavy an impregnated double cotton covering i$ used, 
and carefully applied on account of the high The sections of a conductor are thereafter 
machine voltage, and the pressure tests specified, insulated throughout with mlcanite insulation 
which are in accordance with the Swedish regula- applied under pressure when hot, and afterwards 





ns. 9. A louw vllInMf polM ihowiiit lb* ri«« »* »b*'bo«*M. A* i^«n<l l«»*r (>» wbt«b. «mI lb* cq>t ibrnnk on boMin« Iti* 

two Tolor luiivot logHiicro 
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Pin. 10. View in the shopi showJnn fiertt of the l.ille Edel geiter;itort. 


slot iusulation is placed round all conductor 
sections forming a coil side, and for this mica 
coveted paper is used wound on in a special 
machine. The insulation is finished to a size 
which allows the necessary small clearance to 
enable the coil side to slip easily into the slot, 
and has a thickness between copper and iron 
o( 6.5 mm and is composed ehiefly of mica as 
will be seen firom the above. The slot insulation 
is extended as usual along the free ends of the 
coil sides beyond the core plates as long as the 
‘coil is stc|tigbt and is united where the coils are 
bent with the insulation of impregnated fabric and 
tape used on these parts and wmeh are strength* 
ened by special arrangements for separating the 
phases and providing additional insulation to the 
winding clamps. These last have their own in¬ 
sulation consisting of mlcanite tubes on the 
outside of all the clamping bolts and intermediate 
and under packing pieces of micanite under the 
clamps themselves and between the various parts 
of the winding secured. Although the free parts 
of the windings are relatively short and the 
effective length great in comparison with the 
total length,- the weight of copper employed in' 
the' armature winding of the machine is not 
less than 7.s. tons;- 

The Winding has six terminals, that is to .say, 
one for each end of each phase and the winding 
can be connected outside the machine. The 
neutral point is earthed through a resistance. 

Both above and below the end windings of 


the stator are protected by cast iron covers 
furnished with inspection doors of steel plate. 
The lower covers extend radially inwards as for 
as the inner edge of the field magnet ring, but 
the upper covers are extended right as far .is 
the shaft centre, sector shaped cover plates being 
used so as to completely enclose the generator 
under the upper supporting armcross. 

The rotor is made with doss, arms and yoke 
ting of cast iron, having extra high teasile 
strength and the pole cores and pole shoes are 
of cast steel secured to the yoke ring by bolts. 
On account of transport difficulties the rotor 
had to be subdivided and the arms and boss 
are accordingly split on a plane at right angles 
to the shaft Into two rotor halves which arc 
held together by .ixial bolts in both the ring 
and the boss. These rotor halves were also too 
laige for transport purposes and it was necessary 
to divide these again on a diameter. All these 
four rotor parts are secured together at the 
boss by shrink rings and at the periphery of the 
yoke ring by caps of special steel. The pole 
cores which are of cast steel have in the centre 
an air duct which corresponds with a radial 
duct arranged in the joint between the two 
rotor parts and continues, through the pole 
shoes to the' air gap, giving a very effective 
cooling to the inner , parts of the stator. The 
end parts of the pole shoes are cast in one 
piece, with the pole cores but the outer parts, 
which are turned towards the air gap, arc himinated 
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Pig. 11* III iht fongroand <iii $•! ton «niKrosii In the rear n Ulla Edel generator armcvoit (or a load oC (00 tont* 


and so shaped and located that the generator 
voltaee curve is, as nearly as possible, ol pure 
sine form. As in the case of the stator certain 
necessary work was carried out to simplify the 
projected alteration to 50 periods, and on this 
account the rotor yoke rings have been drilled 
suitably to accomodate double the number of 
poles as required for SO periods. 

For the turbine speed regulation a flywheel 
effect corresponding to 230 kgm per b.p. at 
normal speed was required corresponding to 
not less than 4,250,000 kgm’ in the rotor. Due 
to the very large diameter it was only necessary 
to use one small side ring placed beneath the 
rotor yoke ring and this is not of any abnormal 
section in comparison with that requisite having 
regard to the tensile stress and the magnetic 
qualities. The whole of the flywheel effect could 
without great difficulty have been secured in 
the main field ting, but at the time the generator 
was' designed the arrangement chosen was con* 
sidered to be most suitable. The side ring, for 
instance, is made to act as a track for the brake, 
in conjunction with the hydraulicly operated 
braking arrangement carried on the under>ann 
cross and which is used, not only for stopping 
the machine when necessary, but also for lifting 


the rotor by a small amount when carrying out 
inspection or repairs on the segmental bearing. 
The brake arrangemeitt is so powerful that the 
generator can be brought to rest hrom full speed 
in less than one minute. 

The field winding is of copper strip wound 
on edge and insulated in the usual manner 
with sbelac paper between turns and* presspan 
collars and cylinders to the iron core. As the 
number of turns per pole Is relatively small, 
and the necessary conductor cross sectional area 
large- on account of the high field current the 
winding is arranged with two parallel connected 
strips, one being thinner and broader than the 
other .so that the projecting edge acts in the 
same way as cooling flanges on the coil. The 
windings are connected to the slip rings in the 
usual manner and the slip rings themselves are 
placed below the rotor at a convenient height 
above the lower armcross and guide bearing and 
easily accessible from a platform which is ^ced 
there. The weight of the rotor winding is. 
approximately 9.5 tons. 

The rotor is fitted with hin blades which ace 
so designed as to be able to circulate the ne- 
cessa^ amount of air for cooling the generator 
' and overcoming the resistance in the intake and 
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outkt air ducts In the station. Due to the low 
speied it has been necessary to take special 
precautions to secure an adequate quantity of 
cooling air. The rotor accordingly has fan wheels 
of the usual type arranged above and below it, 
but In addition large fan blades are placed on 
the arms of the magnet wheel which serve to 
give the current of air a tangential direction 
before they actually teach the fan wheels, the 
action of which is thus assisted. The large bins 
also drive part of the air through the radial 
•duct arranged in the centre of the rotor. The 
quantity <n cooling air required for adequatedy 
ventilating the machine allowing an increase in 
the air temperature of 20° C, is considerable 
and reaches approximately 20 m*/scc. 

The shaft and guide bearing only differ in 
dimensions from those of other similar vertical 
generators. The former for all three generators 
are cored out throughout their whole length in 
order to provide a. check on the quality of the 
steel. In the case of the Kaplan turbine unit 
the hollow in the shaft serves to contain, the 
regulating arrangement for operating the blades 
of the turbine runner. At the lower end the 
shaft has a solid flange for connecting to a cor* 
responding flann on the turbine shaft and at the 
imper end a locking ring is arranged for securing 
the rotating part of the supporting bearing. On 
the two generators drived by Lawaczeck turbines 
the upper ends of the shafts are fitted with a 
pinion for the planetary gear for driving the 


exciters of these units. The gear 
ratio is approximately 1:6 so that 
the exciters run at 400 r.p.m. al* 
thoitgh the generators have a speed 
of only 62.i r.p.m. The Kaplan 
turbine driven generator receives 
excitation from a separate exciter 
unit and accordingly requires no 
exciter of its own. In this case at 
the upper end of the shaft is placed 
a special regulator which controls 
the position of the impellor blades 
in relation to the gate opening. 
The shaft weighs approximately 
14 tons. 

The guide bearings are ordinary 
babitt lined sleeve bearings fixed 
in the two armcrosses so that they 
can be easily slid downwards along 
the shaft and dismantled if this 
should be necessary for any reason. 
The supporting bearings in all 
units are of the Asea segmental 
bearing type with which many 
years experience has been obtained. 
This bearing consists of a sup¬ 
porting plate fixed on the shaft which rests 
upon 16 segmental babitted bearing surfaces 
which, in their turn, are bedded upon a total 
of 496 spiral springs which transmit the load 
to the bearing housing. The segments are en¬ 
tirely immersed in oil In an oil well arranged 
in the centre of the upper atmeross, the lower 
part of which carries the upper guide bearing. 
To this arrocross centre the eight supporting 
arms are secured with heavy bolts the other 
ends resting upon the stator housing. Through 
the supporting bearing a load which un^r 
certain conditions can reach 5S0 tons is trans¬ 
mitted from the rotating parts to the armcross. 
Of this weight about 320 tons arc due to 
the unbalanced water pressure, the remainder 
being the weight of the rotating parts of the 
generator and the turbine. In addition to this 
load the armcross has also to support the bearing, 
exciter, gearing etc. so that under the most 
exacting conditions nearly 600 tons have to 
be supported. 

All the bearings are lubricated and. cooled 
by oil circulation. The oil circulation is obtained 
from a motor driven centrifugal pump erected 
in the basement which raises the oil to the well 
of the supporting bearing, to the guide bearings, 
and to the gear on the generators which are 
furnished with direct coupled exciters. From 
the bearings the oil drains to a common sump 
where it is cooled and filtered before being 
returned once more to the bearings. 
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The supporting bearing has In addition an 
arrangement for water cooling by means of a 
coiled pipe in the oil well. This provides a 
standby arrangement if the oil circulation should 
be arrested due to a breakdown in the pumping 
unit. In such a case the pump of one or the 
remalnine units would be connected up, so that 
the guide bearings of two generators could 
obtain oil from one pump, while the supporting 
bearings of both generators would be cooled 
by means of water circulation. 

All beatings are furnished with two distant 
reading thermometers, one of which has an 
indicating dial visible from the controlling arran¬ 
gement tor the oil circulation, the other being 
arranged for reading in the switch control room. 
The bearing temperatures and the temperatures 
of the cooled oil can be read from the con¬ 
trolling position .for the "oil circulation. At tMs 
point" a h'and-pump''.'.ts''al8o' arranged, which 


pit Nlow ttie iinnccoit for ruo^atray (csi. 

is used fol: braking .and for lifting''the rotor. 
This pump is so designed that when it is set 
for braking it is quite impossible to reach such 
a high oil pressure that seiicing can occur between 
the ring and the brake shoes. 

The size of the machine can be appreciated 
from tbe various photographs. As mentioned 
above the outer diameteir of the stator housing 
is 9.45 metres at the floor level, the hishesf 
point of the machine being 6.3 metres, .above 
and the lowest p.oint, the shaU flange, 2 ^s metres 
below the floor. Tbe complete machine .weighs 
about 350' tons, of whim the -rotating ^rts 
account for approximately 150 tons, and die 
stator iOO tons, the remainder representing 
the armcrosses, beatings, base ring and other 
accessories. 

In the present article we haVc not entered into: 
the question of guarantees or tests results and It is* 
hoped to deal yirith these questions at a'later date. 










140 


ASEA-TOURNAL 


STABILITY OF OPERATION FOR D.C.- MACHINES. 


When a D.C. motor (or a generator) carries 
a load, steady conditions are arrived at when 
the torque developed is equal to the counter* 



Serin motor, h. Shunt motor with componiulfng. c. PUln shunt 
motor, il. Shunt motor with oppoliig series winding. 

torque caused by the load. Whether this con¬ 
dition is stable or not depends on the charac¬ 
teristics of the machine and the load. An 
investigation of the reauirements for stability 
(or for the astatic* stability) is the object of 
die present article. 

If the torque supplied is not of equal magnitude 
to the torque due to the load, the dimrcnce 
is absorbed by an acceleration or retardation of 
*the moving masses (or in self induction or 
capacity of the circuit). The conditions of sta¬ 
bility under these circumstances (the adynamic* 
stability) will not be dealt with. 

The properties which are decisive in deter¬ 
mining the steady conditions of stability consist 
for motors of the alteration in speed with the 
torque n - /(id), and in generators the altera¬ 
tion of the voltage with the current E-/(/). 
That these two tuncUons correspond to one 
another is dear from the expressions of power 

In a motor P» O.ooics n M 
and. in a generator P — 0.ooi EL 

In a D.C. motor the torque (id) is, by the 
way, prooortlonal to the product of the armature 
current (/) and the flux (<P). In shunt motors 
the flux is, practically speaking, constant, and 
In series motors Is a function' of the current. 
In both cases accordingly P — /(n, 1). 

In D.C. generators the voltage (£) depends 


upon the speed (n) and the flux (<I>). The flux 
is constant or is a function of the ourrent (/), 
and accordingly in this case also P — j^n,/). 

The following symbols are used: 

P «■ Power in kW, 

n — r.p.m., 

M, IF-Torque in kgm, driving or load, 
e — Pressure In volts, driving or load, 

/, I — Current in amps., driving or load. 

The characteristic curves for D.C. machines 
are shown as continuous lines, and loads are 
shown in dotted lines. 

For D.C. motors the characteristics with 
constant voltage' are in accordance with fig. 1. 

One extremity of the curve is the no load 
speed on the n-axis, and the other lies on the 
Af-axis and is the torque which brakes the 
motor to standstill. An exception to this is 
given by a shunt motor with opposing series 
winding (or large armature reaction) for which 
the torque decreases from a maximum value to 
zero at the same time as the speed rises to a 
very high value. This last case arises when the 
motor current is so great that the ampere turns 
of the series winding approach those of the 
shunt winding, and the flux accordingly app¬ 
roaches zero. In motors which are used in 
practice, however, this part of the curve is 
only reached at su<:h high loads that It may be 
regarded as being of no importance. 

For common D.C. motors accordingly the 

fsfio ^ is ciiher negative, /.e. the r.p.m. de- 
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creases with an increase In tctgue. or becomes 
zero as a limiting value. 

With variable voltage (and constant torque) 
the speed'>changes approximately in proportion 
to the voltage. With a series motor fed from 
a series generator of similar size (running at 
constant speed) the. voltage rises as the load 
increases, so that the. speed of the motor is 
maintained constant at all torques (within certain 
limits). 

The motor lood is made up of power con> 
suming machines of all kinds. The necessary 
torque for running them, W, Bu. 2, Increases 
more or less with the speed, and is dependent 
on the fact that friction of various kinds has 
to be overcome, and this cannot fall with in¬ 
creased speed (under conditions wich are other¬ 
wise constant). One extremity of the curve lies 

on the W axis, and is always positive. 

Curves wit^ apparently negative — are in 

practice substltued by small pieces of different 

curves having positive ji=i. 

For a motor to run with a certain load under 
steady conditions, it is requisite that the motor 
curve and the load curve shall intersect one 
another at this point. Before the point of In- 
tersMtion is reached any additionaT torque on 
the motor curve is used up in accelerating the 
masses, and any excess on the load curve in 
retarding the masses. If the two curves coincide 
with one another, running is unstable (the load 
is undetermined). In actual working the curves 
must not coincide as working then becomes 
"sensitive”, i.e. a small alteration in one of the 
curves introduces a large alteration in the load. 

The motor curve At is assumed to cut the 
load curve B at the point a, Bg. 3. if by a 



small regulation of the motor (for example by 
decreasing the shunt current in a shunt motor) 
the motor curve At is altered to another curve 
of the same character as A), a torque nb 
arises which accelerates the masses until a new 
point of Intersection between A't and B is reached 
at c. At the same time the accelerating torque 



«. CtMTAler wilk ncaily eonttml (umM. ^ iMitaOv*. b. Shiml Re- 
atfatoc. «. OvtctMMpomMbd (catfAlor. 4. Serin ■nunloc ^ potMe*. 


decreases to zero at c»and working is then 
stable. The conditions are analogous if the new 
motor curve lies somewhat lower, or If the 
corresponding alterations are made in the load 
curve B. 

It is of interest to investigate the stability 
tirith different kinds of motor curves. In the 

case just referred to ^ was negatjve; ^i?, 

dn 

as stated above, always positive. If-7?; was 
dn 

positive and < curves A^ in fig. 3, an al¬ 
teration of curve Af to A’t entails an accelerating 
torque »b, and since the rotation must always 
take place in the same direction as the power 
the speed will increase. As, however, no new 
point of intersection between A^ and D can 
occur in this direction, the motor will race, 
t.e, speed and accelerating torque increase more 
and more. If the motor curve A't lies above 
Af, there is a retarding torque, and since no 
new point of intersection can be obtained in 
this direction either, the motor will pull up. 
Thus, in this case working is unstable, and for 
this reason the use of a motor with positive 

should be avoided (/.«. with opposing secies 
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winding, high armature reaction or heavy over¬ 
load on ordinary shunt m6tor). 

If ^ was positive and > the curve 

in fig. 3, it Is obvious that a new. point of 


// 

/db/ 


y 

/S' 


The generatof"* he'd electrical characteristics 

ate shown in fig. 5, For all curves must be 

positive, since no current can flow'' in a con¬ 
ductor without an e.m.f. acting in the. same 

'dc ^ 

direction. The limiting value — 0 is possible, 

and corresponds to the’ case where a small, ge¬ 
nerator is paralleled On to a system on which 
large generators are alread.y at work maintaining 
the voltage- practically speaking constant. .One 
end of the curve lies on the e-axis, and the 
other disappears at + <».' (An exception hercfroin 
is the combined load curve which has neeativc 


Fit. ^ Reneralor kucli. 

A. Durtiot acbiiDulaloc Ultery. b and c. RcsisUnM. d* Uiffe iteiwoclu 

intersection would be obtained between the 
curves A'g and B at d, and working would 
certainly be stable. But for this case such a 

V 

motor must have a particularly large ^ (which 

In addition on lightload would easily vary so 
dfi 

as to become < particular case 

is of no great practical importance. 

The jwquirements for stable cunning can be 
.expressed by the following: 

dW 

dn ■ dn <■ 


and which occurs in the parallel running of 
oi 

scries generators, sec fig. 17, cums B—A ^.: . 

If a generator supplies current to a certain 
xircuit, steady conditions are obtained at the 
point where the characteristic curves of the 
generator and the load intercscct e^ne another, 
Before tbe point of intersection is reached, the 
generator e.m.f. is greater or (css than the counter 
e.m.f. of the load, and the current increases or 
decreases until a stable condition is reached. 
During the time that the current is altering, the 
voltage difference is absorbed in the self in* 
.duction or capacity of the circuit; If the curves 
intersect one another at a small aijgle thc-funning 
is sensitive, since small variations on the level 
of the curves, e.g. a small increase in voltage 
may cause a large alteration of the currept. In 
cases where the curves coincide also working 
is unstable (lotid undetermined). ■ 

The following cases can occur: 

1) ^ negafive, ^ positive. ’The. generator 

curve .^i and the Ibad ., curve B intersect .'on 
another at a, fig. 6. If by regulating. the gene¬ 
rator (e.g. by shunt resistance) its curve is. 


The eharaeteristics of generators at constant 
speed are in accordance with fig. 4. Onje end 
of the curve is the no load voltage on the 
£-axis, no current being given out. The other 
end is the short circuit current on the /-axis 
where the resistance of the load is zero and the 
current is determined by the voltage induced 
by the remanent magnetism (taking into account 
armature reaction and series windings) and the 
internal resistance of the generator. 

The characteristics of the driving motors 
■which are used for running generators also have 
an influence on the generator curves. Since 
their speed falls mote or less with increased 
torque, it will be seen that in the curves given 
above this condition is .also included. 




.altered to Ai, a voltage diflereKce nb arises which 
endeavours to' increase the current until a new 
•point of intersection between >i'i and B is reached 
at c, and *‘a$ at the same time the voltage dif- 
•ference decreases to zero at c, working is stable. 
Analogous conditions arise if the generator is 
regutated in the opposite way or if curve B 
is shifted. Examples: shunt wound generator 
used for battery charging or on resistance. 

2) positive* and < curves and B In 

-fig. 6. If the same procedure is followed we 
firid, that-'here also working is stable, since a 
new -point of intersection is reached at d. Ex¬ 
amples: a compound wound generator supplying 
a lighting circuit or a series wound generator 
connected to a resistance. 


3) ^ positive and >^, curves and B” in 


fig. 6. In this case, working is unstable as no 
netv point Qf intersection between A^ and B 
can be reached in this direction and the voltage 
difference increases without limit together with 
the current until “short circuit” occurs. If the 


generator curve is altered in the opposite di¬ 
rection the current sinks to zero and changes 
direction, /.«. the generator runs as a motor, 
and working is in this case also unstable. £x- 
.^mples; an oVerepmpoUnded generator running 
.ai'ii battery charger (the curves can also easily 
coincide with oi\e another); a series generator 
either -working on a circuit where other gene¬ 
rators maintain the Voltage constant, or used 
for battery charging. 

These three cases can be summed up in the 
following expression for stable Working: 


— 

di 



The load characteristic curve for a series ge- 
nerMor is in accordance with fig. 7, abc. Normally 
we do not work higher tip On the. curve than 
to a point somewhat below tne maximum voltage. 
When the machine is loaded by a resistance 
with curve B, working is stable at the point a 



Fie. $•»»»»». 


(ease 2 above).' With a lower load resistance 
B„ working is still stable (case 1) right down 
to zero'resistance “short circuit’’ point c. With 
greater load resistance. Bg (to the left of the 
straight -pari of the raagitetising curve), the 



JM 
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generator lose;; its voltage or is unable to 
••build up”. 

If we connect a series generator to a circuit 
on which larger generators are already working 
and keeping the voltage constant, this corres¬ 
ponds from the point of view of the series 
generator to a load curve Bg.. Under ordinary 
conditions (point d) working is unstable (case 
3) but |t becomes stable at the right hand falling 
part of the curve (point/, case 1) which however 
■commonly, occurs where the current is so great 
tivat the condition is of no practical use. This 
condition is found in regenerative braking of 
railway motors by returning power to the supply, 
-whiph-'is not possible unless special precaution^ 
are taken to stabilise the working. 

^th self-excited shunt wound generators con¬ 
ditions must be stable, not only in the external 
circuit but also in the shunt circuit. In this last 
circuit the armature acts like a series generator 
loaded by a resistance, fig. 8. where A is the 
magnetising curve of the generator and B the 
shunt circuit “resistance line’’ which shows the 
variation of the shunt current with the voltage 
when the shunt circuit is of constant resistance. 
'Working is stable at the point a (case 2) for 
the reason that we are working above the 
•‘knee” of the- magnetising curve. Incraase in 
the resistance of Ae shunt circuit means that 
the load curve B is transferred to Bi and work¬ 
ing is still .stable at the point b. With further 
increase in the resistance will coincide with 
the lower inclined part of the magnetisation 
curve, working -will become uncertain and the 
generator loses its voltage, Commonly, however. 
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generators have sufficient remanent magnetism 
to prevent the magnetising curve Calling to zero 
with zero shunt current, and the appearance is 
as shown in (ig. 9 (when regulating downwards 
from a higher voltage). Working is then stable 

right down to a 
point where the 
/ resistance in the 

/jT shunt circuit is «> 

// (/rt - 0, point c), 

Jr although it can 

/a happen that the 

/ voltage for a small 

/ alteration of the 

/b resistance^ is very 

"sensitive" between 
y the points a and b, 

f It is interesting 


length of the arc cannot be kept constant, 
but is subject to continual variations, e.g. its 
lengtf) may be suddenly increased,. the corres* 
ponding curve being fij. With the first type 
of generator the vmfage cannot vary instam 
taneously (on account of the sdfinduction in 
the shunt winding and eddy currents in the 
magnetic circuit) the "dynamic’* characteristic is 
approximately as and the result is that the 
current variations ate large and the arc is "un¬ 
steady". The second generator on the other hand 
does not require to alter Its magnetic condition 
to any considerable extent, the voltage and 
current adapting themselves immediately at the 
point hx the ohmic resistance R exerts a steady¬ 
ing influence on the arc, and welding is better 
and more even. 


Jab to investigate the We turn now to the question of stability of 

stability of a self- fwo or. more generators rtmning in paraUet on 

excited shunt ge- the same load. The requirements for this arc 

nerator with larger load currents and constant two in number: first working idlist be stable 

resistance in the shunt circuit. Fig. 10 a shows when each generator alone carries the load, and 

the shunt circuit curves and 10 b the external secondly working must be stable when one of 

circuit curves, which last may be easily arrived the generators is regarded as a "generator", and 

at from the former. At the lowest part of the the other generators together with the load it- 

bend. in the curve working when loaded by a self regarded as the ’load". The necessity of 

resistance B will be unstable In accordance with the first condition will be clear from the tore- 


case 3.. However it is found that working will going without further explanation. On applying 
be stable over the whole curve (at least if the the second requirement the dilforcncc between 

load resistance has small self induction) because parallel working of two shunt generators cin 

the self induction in the shunt circuit is many the one side and of two series generators on 
times greater than that in the external circuit, the other is seen. The first is stable but not 
Thus the current variations in the shunt circuit the second, as practical experience also shows, 
are very slow, which means that the generator In fig. 14 two shunt generators have similar 
curve befotl the shunt current has had time to characteristics Ax and A^ The character of the 
alter has the form Ax (stable working, case 1). load is shown by B, The curves of the two 
"Here, accordingly, it is the "dynamic" and not generators combined give Ai+A^ and equilibrium 
the "static” characteristic which determines the is obtained at the point a, were Ai+Ai cuts.jB 
stabilito. (case 1). The voltage is and the current fi+/*. 

A further interesting case Is when a shunt If one generator is regarded as a "generator", 
generator feeds an arc (e.g. electric welding), with curve A. and the other ^4} together with 

The characteristic of an electric arc (with metal B as "load" (in which Ag must be regarded as 

electrodes) is a nearly horizontal line 
(B, fig. 11) with a constant length 
of arc. For stable working the ge¬ 
nerator must have a drooping CM-e 
racteristic A ot Ag which can be 
obtained in different ways. The ge¬ 
nerator can be provided with an 
opposing series winding (fig. 12, 
generator curve A); or with a series 
winding which, maintains . approxi¬ 
mately constant'. voltage (.^i), the 
required voltage drop beiiu obtained 
by an ohmic resistance R in series 

with the arc c, (fig. 13, generator i. • b. 

curve A^. In electric welding the Pbi. lo«tnd b. selb««(iitS.ibmits<««(*iorio»e*<i bjr* rMi$i*nM. 




a load with negative current^, the load curve 
becomes B~Ai and working is still stable at 
the point b (case 1). It follows from the form 
of the curves that when the current falls the 
voltage rises and vice versa. 

If the twd generators are of different sizes 
they divide the current in the same ratio as 
that of their outputs if the voltage drop bet* 
ween no load and full load is me same for 
each generator. If they are to divide the load 
in the same proportion at all loads (and with 
unchanged position of 6eld regulators), the 
characteristics must be of the same form. A 
small dissimilarity in the mamitude of the 
voltage drop or the form of the curves is not 
in general of any great importance, since shunt 
generators are chiefly used where the load only 
varies slowly, and there is time to alter the po* 
sitlon of the curves by adjusting the field re- 
ulators and thereby divide the load in the 
esired ratio between the two machines. 

In the parSllel running of compound generntors 
(which have shunt and assisting series windings 
designed to give an increased voltage at in¬ 
creased load), working is unstable. This is so 
because if both generators should give the same 
voltage at all loads the distribution of load 
would be uncertain, and one generator alone 
could equally well take the whole load or none. 
Working can, however, be rendered stable by 
using an equaliser ((/, fig. 15) between the 
series windings. The division of current bet¬ 
ween the armatures Ai, Aj is then determined 
by iheir . characteristics as shunt generators, and 
the distribution of current between the series 
windings 5| ^ is determined by their ohmic 
resistances. The equaliser itself should have small 
resistance. In order that the current should di¬ 
vide in the same proportion even on different 
loads, and with unaltered position of the shunt 
regulators, it is however necessary that the cha¬ 
racteristics of both machines as shunt and as 



compound generators should be similar, and it 
is also necessary that the voltage drops in each 
series winding 3 between L and U reckoned 
on the full load current of the corresponding 
generators should be of equal magnitude. 



Fig. 12. Sbimt stoeralM wltb Ffg. \y Stami geiMuilAr witli 

opposiog series winding. . aiiitllag tecki winding nnd 

obmlc retitlaoce. 


In order to fulfil these conditions the fol¬ 
lowing precautions can be taken. If the gene¬ 
rators as shunt machines have small voltage 
drop or unequal voltage drops between no load 
and full load, and if this cannot be rectified 
by shiftiim the brushes, then opposing series 
windings (Ai KOi KO^ ate interpole wind¬ 
ings) must be introduced on one or both. 
These windings must be connected in the dr- 
cnit between U and J, commonly on the same 
side of the armature as the other series wind¬ 
ings in order to ensure a small voltage between 
the windings and their connections. (In tlie 
case of generators with one pole earthed it 
should, however, be noted that opposing series 
windings should be connected between the ar¬ 
mature and earth in order to reduce the current 
surge which occurs in the case of a short cir¬ 
cuit of the armature winding to earth). 

If the compounding of one generator (f,e. 
the voltage increase obtained by the main series 
winding from no load to full load) is greater, 
than that of the other, then the number of ttims 
in die series winding must be altered br else 
a resistance P (preferably with a self-induction 
equal to that of the series winding) must 
be connected in parallel with the stronger series 
winding. 

Lastly, if the voltage drop in one of the se¬ 
ries windings (taking into account the parallel 
resistance referred to, if used) with fiiU load 
current is less than that of the other, then a 
redstance R must be connected in series with 
the former so that the voltage drops in both 
circuits between L and U become equal. In 
generators where one pole is earthed, the 
assisUng series windings should be connected 
next to that conductor which Is not earthed in 
order to obviate unnecessarily large current 
surges in the event of an earth occurring in the 
armature. The shunt winding (Shi ^hs) con be 
connected eithet directly across the arinature or 
across the outer-terminals, lii the latter case 


F<f. 11. Shunt iftnnrator UumM hf art. 
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the series winding produces a slightly lower 
voltage increase than in the former case. Am-; 
meters should always be connected in the 'ar* 
mature circuit. 



compound wound generators with sUprings 
mid staHc balancers are used (for supplying a 
3'Wire network), the series winding must be 
divided into two equal parts, one of which is 
connected on each side of the armature, so thaf 
compounding will occur in correct proportion 
when the load is unequal on the two sides of 
the system, fig. 16. If two such machines are 
run in parallel, two equalisen must also be 
used, one on each side of the armature. In this 
case also the ammeters should be connected in- 
the armature ciKuit, since the current in the 
armature is the current of greatest importance 
In determining tlie load on the machine. 

Parallel running 0 / aeries wound generators 
loaded b^ a resistance is .not stabfe. In -fig. 17 
Ai and ^ are the cluitacteristics (simila^ for 
the two generators. Their sum is given by the 
curve Ai -I- which intersects the load B 
at the point s. Here it appears* that working- 



should'be stable^in accordance with case'2. If, 
however; the other condition for stable parallel 
working is investigated, viz...with .<4i..a8 *’ge-! 
nerator” and A^ and B as !!load-‘-.'rCwhere A^ 
is a load with negative current) with eurve 
B—A^ we find that working is tfnstable .at the 
point of intersection b between tbeSe curves. 

^ is' then negative and the expression ^ 

thus becomes < 0. We can also -express this by 
saying that when the vpitage p(Ai is increased 
by, Sig. increasing the speed of A,, the current' 
in Ai increases but decreases in .^j,'whereas 
the reverse should be the case if working were 
to be stable. 

In - this case we can use the same remedy 
which was employed in the case of compound 
wound generators, viz. an equaliser between 



the series windings. It is still better to idlow 
the armature of one generator to feed the se^: 
ries winding of the other. Both methods are 
used e.g. when series motors on tramca'rs are 
parallel connected to a resistance* for braking, 
purposes. 

Occasionally cases occur where it is desirable 
to connect two D.C, motors together mechanically 
and run them from the same supply. The re¬ 
quirement for the load and current, in thl^ 
case being equally shared by the two motors, 
is that they should have such characteristics 
that the speed fells' with increased load. Shunt 
wound motors as a rule (at least at higher 
speeds and in particular where the flux is re¬ 
duced by shunt regulation) have too small a 
eed drop between no load and fell load, and 
ould accordingly be provided with an assist¬ 
ing series winding, the effect of which is to 
increase the speed drop. If one motor should 
take dess current than the other, its speed is 
thereby increased, ,so that it «nd.eayours to take 
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over a larger part of the loa4« entailing a still 
further increase in current, i.e. the motor op¬ 
poses of itself the variation in current consi¬ 
dered. Pairallel running is accordingly more 
stable the greater the 
speed drop of the mo¬ 
tors, No equaliser be¬ 
tween the series wind¬ 
ings (such as was ne¬ 
cessary in the parallel 
running of compound 
wound generators) need 
be used, for in that case 
the division of current 
between the series wind- 









big* 17* ruittllel working of iftks gftntratort. 


ings would be determined only by their 
ohmic resistance, and the parallel connected 
armatures would work as shunt motors and 
thus with too little speed drop. 

3" ParalUi working of se¬ 
ries motors is stable for 
the same reasons. This 
arrangement is often used 
in the case of electric 
vehicles of various kinds 
where the characteristics 
of the series motor make 
this machine particularly 
suitable for the working 

conditions. - rw „ 

KJ.Westmaa, 


THE DESIGN OF STARTING RESISTANCES FOR SINGLE-PHASE 
INDUCTION MOTORS TO GIVE MAXIMUM STARTING TORQUE. 


A single-p'&ase induction motor is normally 
constructs in the same manner as a three-phase 
induction motor. Two of the phases act as a 
running finding, the third phase only being 
used during starting for the production, by the 
help of an external resistance, of a field which 
is out of phase with the field given by the 
running winding, so that the necessary starting 
torque is obtained. The resistances which are 
used may either be non-inductive, inductive, or 
both non-inductive and inductive, depending on 
the required starting torque and the allowable 
starting current. 

For small machines — under 2 h.p. — it is 
usually possible to manage with non-inductive 
resistance, which is connected as shown in figs. 1 
and 2, for Y connected and A connected stator 
windings. 

The present article is intended to show how 
the required ohmic resistance for this method 
of starting is determined in order that the ma¬ 
chine sh^l give the highest possible starting 
torque. As single-phase induction motors are 
usually Y connected, the calculations given have 
only been carried out for this case, but we abo 
show how the resistance should be determined 
for a A connected winding with the same prem¬ 
ises. 

The rotor is assumed to have a squirrel cage 
winding. The effect of the no load current on 
the current and pressure diagram is neglected,' 
and it follows fom this that the short ciraiit 
impedance can be calculated in the usual simple 
manner, and also the power factor on short 
circuit. Thus expressed generally we have at 
standstill 



+/*i + 




— The meaning of the symbols used is given 
below — from which the correctness of what 


r * +1x ^ 

we have said above is clear when — ^ * 

fJCo 

is small with respect to 1. 


The following symbols have been used: 

E » Line voltage (volts). 

Current in stator phases I, II, III 
(amps.). 

i* o Starting resistance. 

ri — Primary resistance per ph^se. 

fs' Secondary resistance reduced to prim¬ 

ary winding per phase. 

Xi . * Primary leak.'ige reactance per plmse. 
Xt — Secondary leakaec reactance reduced 

to primary winding per phase. 
x« — No load reactance per phase — 

- 24 w (qi > n« * /,)*^^ • lO"*. 

z — Short circuit impedance per ph.ise. 

-y(ri + r,T+(*i+J^')* 

gi - Slots per pole and phase, primary, 
(Reckoned three-phase). 
n«i — Conductors per dot, primary. 

fi » Total winding factor, primary. 

D “ Air gap diameter. 

L L'ength of core, 

d* » Effective air gap. 

V » Periods per second. 

9>t — Phase angle on short circuit (r — oo). 
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Phase angle between E and V 

pi ji 

>': ]' 


If 

>1 


synchronous watts or 


M 




r/ - sin q>k . , 

/r ’/*>• where 

pt + i+fi ^ 

\Xof \ Xol 


/« 


jL 

r 


4 + 9 


(t)’ 


+ 12 — cos (pt 


The torque clearly depends partly on the 
constants of the machine and partly on the 

value chosen for The numerical value of the 
factor ** 




Resistance in ohms, linear dimensions in cms. 

Assuming counter-clockwise vector rotation, 
the current and voltage diagram at start has 
been constructed in lig. 3, and for further 
treatment is expressed in mathematical form in 


equations 1, 2 and 3. 

.(I) 

■ • Z' +J^ • z • ... (2) 

J* > .z • • r +p^ • z • . . (3) 


In addition 

jw ^jm . ^ 

From these three vector equations all the un¬ 
known quantities, with the exception of one, 
can be found, and it is simplest to select r as 
^ parameter when the remaining quantities can 
be brought down to quite simple functions of 

and cos g>t. With the help of the equation 
for starting torque, the value of —, which gi¬ 
ves the maximum starting torque can be cal¬ 
culated. Unfortunately space does not permit 
the inclusion of the rather troublesome deduc¬ 
tion of the starting torque, and the final for¬ 
mula must be given at once. 

With Y connection, the air gap torque is 
given by 



4sm9»* 

r 

4 + 9(-^)*-i-12yCos jo* 


lies most often between l.<sand l,2o. The higher 
the number of poles on the machine and the 
smaller the machine, the larger this factor becomes. 

If fm is differentiated with respect to and 

the differential is put •« 0, we get the maximum 
of the torque curve. 


orm 

r 


•.•4 + 


4+9| 

'z\* ,*Z 2 

-I +12--C0Sfl9i—- 
ir# r r 

j^l8^-|-l2c0899<rj 


[4+9| 


1 +12-^0$ iPt 



-0 


91^1 + 12 ^ 0 $ "1*^2.“ cos 


which can be simplified to 


z 2 
r“3 


or 


r — 


3 

2 


z 


The following simple nile can then be stated:- 
the maximum torque Is obtained, independently 
of cos q>t, for 

£ 2 
r“3’ 










It may be mentioned in pacsing that in der¬ 
iving the formulae given we have assumed that 
each phase in the stator and rotor current gives 
rise to a ninusoidal field (the rotor is assumed 
to be wound with a three-phase closed winding). 
The phases combined give rise to a resultant 
field which can be separated into two fields 
one rotating to the right and one to the left. 
Knowing the field strength at a given point 
and at a given instant, the electromotive rot:ces 
induced in the rotor phases by the right and 
left hand rotating fields, can be calculated as a 
function of the currents in the stator and rotor 
phases. But the e. m. f.'s induced in the rotor 
are compensated for by ohmic and inductive 
voltage drops. In the same way there is no 
difficulty in expressing the rotor currents as 
functions of the stator currents, after which, if 
these last are known, the torque can be cal¬ 
culated with the help of Biot-Savarts law. 

Returning to the equations given in the fore¬ 
going, we sDall next seek to obtain an expres¬ 
sion for the stator currents and their phase 
angles. For determining the magnitude of the 
starting resistance it is only necessary to obtain 
particulars as to the ohmic value required and 
the current which passes through it, but for the 
sake of completeness and in oraer to enable us 
to give a comparison with tests carried out, it 
will be as well to deduce also expressions for 
the remaining magnitudes. 


From equation 2 




and from equation 3 
jn 


L 


ze 




+Z€^ 



tt*. S. 


and from this 

z/[2 r + 3 2 e«*)» E (r + 2 ) 
z7'(2 r + 3z cos <pk + j 3 zsin 9>*| = F((z + 

+ i-cos (fik) cos y + r sin sin q>\ + / F((z + 
+ r cos sin jP — r sin cos })J 

\'{pz 

I £ (2 r + 3zcos jpi)(a + rcosjot) cos9’ + 


I + r sin (Pi sin .. (4) 

3 z sin 9 »* = (2 + f cos q>k) sin 9 » — 

—rsin9>(Cos9>. (5) 


Squaring and adding we obtain 



Inserting this expression in 1 we obtain 



The phase angle is now obtained from 4 
and 5 

[2+3(y)-i-^-^cosiiPtJsinq)* (7) 

j/l+(p)^+ 2 ~cos 55*1/4+9 (^) + 12^cos9>ii 

1 ^ 2 + 3(11 + 6 ^os 5 »*^cos 5 (>* —~ ( 8 ) 

|/l+(f) +2 ^cos 5P*|/4+9(~) + I2pcos55» 

In accordance with fhe foregoing 

iu ■■ /'« 

^ r + z 


Wjj. 4 . 
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Expanding thi$ equation we obtain: 
J"(cos9),+/sin%) = . 


• » + /”i" «•») 

In the same manner as before 


2 




As it is interesting to see how torque, start¬ 
ing current and "resistance current" vary, we 
have expressed these magnitudes in curve form 
in figs. 4, 5 and 6. 

jgr 2 

We have already found that if — = ? the ma- 

r 3 

chine under consideration develops maximum 
starting torque. In practical calculation we ac- 

3 

cordingly have only to make 

the curves in figs, 5 and 6 read oilf the starting 
current and "resistance current". As these vary 
to an inconsiderable extent with cos pk, and as 
these power factors themselves with machines 
which can be started in this manner remain 
fairiy constant — In the neighbourhood of .0,7 
the currents can be obtain^ in the following 
simple, and for all practical purposes exact, 
manner: 

resistance current P = O.is • — 

z 



Equation 9 gives us the magnitude of the 
current in the starting resistance as a function of 

^ and cos 9>a. The starting current/''' now only 


E 

starting current J*'' — O.ss • — 

If the take (■“)+(^ + ■“) =l*iJandasbefbre 

~~j also cospk — 0.7, the torque equation is 

simplified toiif=0,iM|^ rj'synchronous watts. 
This equation should only be regarded as an 
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approximate formula since th* error which may 
arise, due to departures from the assumptions 
made, may in certain cases reach IS 
If the stator winding is A connected it can 

easily be shr^wn that if—« 2 the starting torque 

is a maximum, and of the same value as if the 

jgf 

machine were Y connected and — made equal to 

2 tA 1 

=, i.e. — — The "resistance current" and the 

3 ty 5 

starting current are both three times as great as 
the respective currents with Y-connection, pre¬ 
supposed, that the line voltage is the same at 
both connections. 

From a test carried out on a motor type 
MK5, No. 211189, % h.p., 110 volts, 50 cycles, 
1,380 r.p.m., we have lastly in fig. 7 given a 
curve shovring maximum torque in the air gap, 
starting current and "resistance current" as a 

function of '^, and for the sake of comparison 

we have shown also the calculated values of the 
same quantities. The departure from the cal¬ 
culated current curves is particularly small, and 
this is also borne out by a number of other 
tests. In this case it does not exceed 5 As 
regards the torque curves, the similarity bet¬ 
ween them is clearly shown. With greater values 

of — the curves obtained on test, however, rise 

t 

slowly relative to those calculated, due to the 
increased heating. For the same reason the ab¬ 
solute amounts are not exactly commensurable. 
The calculated curves hold for a constant tem¬ 
perature of 15^C in the rotor winding, while 
the temperature during test is variable, the mean 
value being probably in the neighbourhood of 


60^C. To make the curves comparable, this 
means a reduction of the torque measured to 
84 and the greatest departure from the 
measured value of the torque is then found to 
be 8^. 

The starting torque of a motor is of course 
determined, not by the maximum but by the 
minimum torque, Le. the lowest torque obtained 
with any rotor position. The relation between 
these torques depends chiefly on the design of 
the rotor, whether the slots are insulated or not, 
the indination of the slots, the air gap, and 
also to some extent on the absolute magnitude 
of the starting torque. As with uninsulated slots 
currents can flow in any direction through the 
rotor plates, and as this condition, especial^ with 
single-phase machines, can lower the starting 
torque to a considerable degree, the practice in 
Asea is always to furnish squirrel cage rotors 
for single-phase with slot insulation. It has 
been found on test that the minimum torque 
in general is about. 85 to 95 ^ of the maxi¬ 
mum torque. 

In the manner given above we can also cal¬ 
culate in advance the starting resistance currents, 
in a surprisingly simple, but none the less ac-l 
curate manner. Unfortimately the method does 
not hold good for all cases. Experience shows 
namely that with 2-pole machines departures 
from the values calculated in this way may be 
large. The reason for this is the presence of 
harmonics In the field curve, which on account 
of the fact that the relation between the air gap 
and the pole pitch is relatively small in a 2-pole 
motor, can play a much mote important pact 
than they can in a machine with a niunber of 
poles. With such machines the best method Is 
to detennine a suitable starting resistance b^ 
trial and error on test. K ’Ofander. 


in 


ASEA IN NIGERIA. 

Itv /OHN f. SmttEY, M.I.E.E, 


Asea is txdw a household word in countries 
abroad, and is met with in the most remote 
and undeveloped places. Asea’s connection with 
Nigeria is due to tin mining, which is a 20 
year old development in the Northern area of 
that country. Asea is connected with tin mining 
in other parts of the world, such as the East 
Indies, Malay States, and particularly in Bolivia, 
but whereas each of those countries contributes 
over 20 ^ of the world's production, Nigeria 
only produces S and is therefore relatively 



l« Native 

unimportant. But Nigeria is new, and it is safe 
to say that the first electrically driven mine 
there having chosen Asea's material, other mines 
will copy and the good name 

I go on. At any rate, the first 
two mines to be equipped elec* 
trically have both patronised Asea^ 
* and have sent repeat orders. 

That portion of the plateau in 
Nortlieru Nigeria from whence 
most of the tinstone comes, is a 
granite formation now covered 
with detrital and eluvial deposits, 
roughly 2,000 square miles in 
extent. Intrusion into the older 
rocks of the mineralised granite 
and subsequent erosion, has 
occurred in previous ages, and 
the broken down and decomposed 
A'VjW material, together with all its 
ff f m contents, has been washed down 

a I Iw river beds, and 

a burled beneath deposits of clay 

jf and gravel, or sometimes de- 

posited on top of them. New 
streams now flow, often but not 
by lb* jHihor.) always, in the old beds. 


The lodes in the granite contained cassiterile 
or tinstone, and these lodes were broken down 
and the heavy tinstone washed downstream with 
the rest, but owing to its weight it worked 
down to the bottom and now remains in pockets 



Pig. X lUltMling Unuonc by gfoimtl slDking. 


and on ledges covered by an overburden varying 
in depth from 7 to 70 feet. 

In all countries where alluvial tin is found 
the climatic conditions are toublesome, and the 
conditions ate usually of the worst. Alluvial 
mining may be described simply as shifting 
dirt on a large scale, and this needs especially 
robust plant. For these reasons, Asea material 
has been chosen because It Is essentially robust 
and enduring, while economic as regards cost. 

Mining on the Nigerian plateau is wholly 
alluvial, and the tinstone is extracted from the 
tin bearing gravel In five different ways, em¬ 
bodying practically every process known to the 
alluvial miner, as follows: 

a) By panning in calabasltes handled by 
natives in the stream beds. 



Fig* 4. Fluiiitittg till bearing graveJ* 
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b) By ground sluicing, wh<»re the lie of the 
land and flow of water permit. 

c) By breaking down the deposit with the 
hydraulic ^t and pumping the wash thus ob¬ 
tained by gravel pumps, 

d) By using a power driven shovel to dispose 
of die overburden and deposit, and 

e) By dredging, either by bucket dredges or 
by suction cutter dredges, depending upon the 
character of the deposit. 

With the exception of (d) all these methods 
are used on the two mines, those of Ropp Tin 
Ltd. and of the Northern Nigeria (Bauebi) Tin 
Mines Ltd., whose equipment, supplied to a 
great extent by Asea, is illustrated in this article. 

Method (a), that of calabashing, is not illu¬ 
strated, but is carried on in all the mines by 



Fig. 5. Sump witli tin bearing gravel on cUy bed. 


Fagan tribesmen, who are the original occupants 
of the land and strong capable people. The 
tribes are self-supporting and localised, and 
retain their economic life by hard agricultural 
work, They do not take kindly to labour other 
than for tribal requirements, hence labour is 
scarce and there is competition for it. Con¬ 
sequently, the use of machinery, and especially 
electrically driven machinery, is developing. 
The two Pagans shown in fig, 1 are tilling the 
ground with Iron spades, fig. 2, forged by 
themselves from local ironstone (associated with 
tinstone), smelted by themselves entirely without 
the aid of the white man. 

.. Method (b), ground sluicing, is in use on 
many mines, and- is the most economic as it 
needs ho machinery. Then sloping tin ground 
is divided into sections and cut out by spade 
labour and dumped into long sluice boxes on 
this ridge dividing two paddocla. Water, running 
naturally along the top of the 'banks, is led 
down these sluice boxes so that the gravel, etc. 
is carried down and riffles on the bottom of 



Fig. 6. 5Unke boies for tuattry of Itettime. 


the sloping boxes catch the tinstone. They ani 
ccgulariy cleaned out and the tin extracted! 
washed and shipped for smelting. 

Fig. 3 shows ground sluicing being carried 
on; the little pump shown in the picture is for 
drainage, and is driven by an Asea motor. 

Memod (c), gravel pumping. Is illustrated in 
fig. 4. which shows a paddock on the property 
or the Northern Nigeria (Bauchi) Company, 
which has been wholly excavated by using the 
gravel pump. The picture shows the barren 
overburden, about 60 feet thick, under which 
about 2 feet thick of tin bearing ground has 
iMen exposed, and is being washed down by 
two hydraulic pressure jets. The wash runs 
down the gullies cut in the stiff clay on which 
the tin deposit lies, as shown i fig. 5, to the 
sump from whence it is pumped by a %enttl- 
fiigal gravel pump (mounted on the stationary 
pontoon) up to the bank, whence it runs down 
the inclined gutter, or sluice box. The tailing^ 
run away, and as they do so they are forked, 
so that the tin drops down to the bottom of 
the boxes, and is caught by the riffles at the 



Fig. 7. Kleclrkally (»p(ral(d dredgt. 
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bottom. These slake boxes are shown in fig. 6, 
and the tinstone obtained from the riffles at 
the bottom is shown drying on the floor In the 
foregtoynd. 

Method (e), dredging, is in use' on several 
mines,: and :Ropp Tin Ltd, possesses two elec-. 
«trically driven dredges, of which one is illu¬ 
strated in.*fig.. 7- On the dredge is mounted a 
complete equipment for cutting out the ground, 
pumping water to wash the gravel, and to extract 

the tinstone from L ___ 

the wash on its 
journey from the 
buckets through 
the dredge to the 
tailing wmps at 
the back. The 
machinery on this 
dredge, the cy¬ 
lindrical sorting 
drums, the wash¬ 
ing boxes, and 
the water pumps 
etc.is wholly elec¬ 
trically driven. 

The Ropp Power 


contains three. Willans-Asea diesel electric ge¬ 
nerating sets, each giving 250 kW. These sets 
transmit the power over the transmission lihes 
to the widely'sCattered working a'reai^ which are 
continually being .shifted and are often several 
miles apart. A belt driven auxiliiflry dynamo, is 
usehil for giving light. iri the power house, 
workshop and camp when the main .sets are 
not working. In the workshop a 15 h.p. motor 
drives the line shafHng, and use is made of 
the power in many other ways. 

The Northern Nigeria (Bauchi) Tin Mines 
Ltd. are fortunate in having acquired the use 
of a waterfall, some 1272 ' miles away from their 
property, which has been developed, and provides 
2,000 kW during the greater part of the year. 
The power thus obtained has resulted in a great 
reduction in the cost of mining, and has enm>led 




. ■ i ■ 


; ' ■ 







Station, fig. 8, 


fig. 500 kW Asea alternator, Kwall. 


Pig. 9. Kwall Power |iUnt, 

the company without increase of staff to double 
the output of tinstone, with highly satisfactory 
results.. 

In the power house at Kwall, fig. 9, 700 feet 
below the edge of the plateau, there arc four ge¬ 
nerating sets, of 
which one supp¬ 
lied by Asea, and 
developing 500 
kW, and driven 
by a 500 kW 
ArmstrongWbit- 
worth turbine, 
illustrated in fig. 
10. Power is ge¬ 
nerated here at 
550 volts, and 
stepped up to 
22,000 volts for 
transmission over 
. very rough Inter¬ 


vening country 



F{g« II* Open air tubslalfon at liancfal* 


to the open air substation shown in fig. 11, 
which is situated at the strategic centre of the 
property. It** is built for 2,000 kVA, but is 
equipped at present with two Asea- transformers, 
each of 450 kVA capacity, shown in fig. 12. 
Here, the power is stepped down 2,200 volts 
for the large pump motors, while a supply 
is taken at;400/230 volts, for small motors 
and light. 

One of the most. important advantages of 
electric power is the provision of satisfoctory 
lighting during night operations, saving a great 
deal of tin which would otherwise be lost in 
the tailings, and preventing interruption of 
the work. 

A further substation has since been erected 
2 Vs miles from the main substation on an im¬ 
portant tin bearing ground, hitherto worked 
by oil engine driven pumps. It contains a du¬ 
plicate 450 kVA Asea transformer. 

The climatic conditions on the Nigerian plateau 
are especially severe on electrical apparatus. In 
winter the ait is intmisely dry and cold, while 
the summer is the extieme opposite, being humid 
and-warm to an uncomfortable, degree. In the 
dry season, and as a result of mining operations 
at all times, a great deal of fine sand is blown 
into the machine^: while swarms of flying 
insects at night clog up relays and other sen¬ 
sitive gear. The handling of all plant is of the 
roughest description, white supervision is neces¬ 
sarily scanty, and the plant is continually being 
shifted. 

In addition severe electric storms are frequent, 
and the long transmission lines often cause 
trouble, even though protected by earth .lines, 
and by lightning arresters, because they 
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’ are used as. roosting places by 
: hawks and eagles. In the early 
morning when the birds' plumage 
is wet with the very heavy dew 
frequent ^octs are caused, while 
flying geese and cranes with a 
wide stretch of wing, often cause 
short circuits between the phase 
lines and the earth wire, thus 
giving rise to interruptions and 
excess pressure disturbances. 

In. spite of the abnormal condi¬ 
tions, however, both plants have 
given great satisfaction,' and it 
is likely that the advantages 
secured by these two mines, owing 
to the electrification, will soon 
be enjoyed by other mines, who 
now find it desirable to increase 
their output, and to work poorer deposits, but 
who cannot do so at present economically owing 
to the high cost anci inflexibility of any other 
form of motive power. 

The author is indebted to the Board of Ropp 
Tin Ltd., and of the Northern Nigeria (Bauchi} 
Tin Mines Ltd. for their kindness in allowing 
him to take and' reproduce the photographs 
shown above. 



II. Two 4S0 kVA Atu trsmsforoMrs at Often air aiiktlalloo.. 








VOLTAGE REGULATION 

ON POWER NETWORKS; 


I 

B 



For obUhtlng Ideal pressure conditions on a power network regulation 
is necessary in order to compensate the voltage drop In the supply Jlncs, 
in the step-up and step-down transformers! «^t)d in the feeders, and also 
for suitably distributing the reactive power between power stations 
running in parallel. 

The idea of this regulation is to maintain the voltage at the con- 
sumers terminals as nearly as possible constant, to Improve the working 
conditions, to Increase the potentLil quality of the energy distribtited, 
and to increase the transmission capacity of the complete Installation. 

The most modern method of obtaining voltage regulation Is |>y Asea 
step-by-step regulators. By means of these regulators, which were used 
as long as 20 years ago for giving voUagc: regulation on furnace trans^ 
formers but have now been redesigned and improved, the voltage can 
be altered at suitable points on the network In steps of most suitable 
magnitude cither by hand, remote control, oi^ hutdmatically. . 

Write for our handbook •^Voltage Regubtion on Power. Networks". 





Veslem 1926, \fcttiiuiila«dt AlletumU Printtea Co. 
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DYNAMOMETERS. 


The measurement of electric power (e.g, kW) 
is, of course, fairly simple. It is done by (he 
help of a direct reading instrument, which consists 
in principal of two coils, one fixed and the other 
moving, and furnished with a pointer. The 
currents in both coils are very small and pro¬ 
portional respectively to current and voltage, 
in that part of the circuit in which the 
powet is to be measured. The displacement 
of the moving coil is practically proportional 
to the currents in the coils, t.e. to the product 
of voltage and current in the circuit, or the 
power, and the scale over which the pointer 
moves can be graduated directly, e.g. in kW. 

This direct reading instrument has been brought 
to a very high degree of accuracy, and it is so 
convenient in use that it is very commonly 
employed. The accuracy with full reading is 
within from 0.2 to O.s ' 

The measurement of mechanical power (kW, 
h.p., or kgm per sec.) is not so simple. The 
mechanical power P is the product of the force 
F (kg) and the distance per unit of time (m 
per sec). If the force acts at a radius J? (m) 
on a body which rotates with a speed n (r.p.m.) 
the power is given by 

„ _ F 2 It R a M n / M n, 
60-101.9 973 (or—^h.p.), 

where Af-fR is the torque in kgm. If the 
torque and the speed are measured the output 


r--© 


a h 


_ Pig* I. 0«ner«lor. 

Toiq«a Uiie Iq « « coloc cumnl, b » louet, PR » wdghti. 

can accordingly be calculated. The torque can be 
measured by various methods as will be shown 
below. The speed is nowadays usually determined 
by a direct reading instrument, which commonly 
consists of a centrifugal device opposed by 
a spring. The device is connected to a pointer 
which gives a displacement proportional to the 
speed. The accuracy of this instrument is fh>m 
0.3 to 0.9 


When it is desired to measure the shaft h.p 
wlUch a steam engine or internal, combustion 
engine gives out, the engine is suitably loaded by 
a machine which is specially designed for power 
measurements. Such an arrangement is the friction 
brake, which consists of two brake blocks which 
are clamped on a pulley fixed to the shaft, and 
which, on account of the friction at the face of 
the pulley tends also to rotate. The whole of 
the power is transformed into heat by friction. 
If one side of the brake is loaded with a weight 
F| kg, at a radius m so that the brake is 
in equilibrium at a certain speed n, the torque 
due to the weight F, is equal to the friction 
torque, and accordingly the power absorbed by the 

brake is F •- kW. In this way the torque 

is "weighed” and this device might be called a 
torque oalance; as we more usually speak of 

E ower, the name power balance ^ould perhaps 
e more suitable than the old name dynamometer. 
The disadvantage with tlUs arrangement is that 
the whole of the power is turned into heat 
and on this account the brake must be made 
of very large dimensions, or el.se cooled with 
water, If it is required for continuous service. 
The friction cannot be kept constant for a very 
long time and the readings arc accordingly rather 
uncertain. The arrangement can only be used for 
small powers up to a maximum of 30 or 40 kW. 

Another similar arrangement is the water ic. 
which consists of a container of cast itoh with 
an internal blade arranffementi filled with water, 
in which a wheel furnished with vanes or buckets 
sind fixed to the engine shaft rotates. The housing 
tends to take part in the rotation but is prevented 
by weights in the same way as the friction 
brake. If arrangements arc made for the water 
to circulate through the brake it is not necessary 
for the device to be of such large dimensions 
as the friction brake. Water brakes are made 
for large powers up to about 3,000 kW. If the. 
shaft is carried in separate pedestal bearings a 
correction for the ftictlon In these bearings 
must be made. 

If the engine is loaded by an ait brakci which 
consists of £an blades. or plates fixed to arms 
on the shaft and against which the air exerts 
resistance during rotation, it is necessary first 
to make special measurements with a motor the 
power of which is known, so that the power 
necessary to drive the air brake at various speeds 
can be determined. A correction must be applied 
on account of .the variations of the bearing 
friction and of the air temperature and pressure. 
This arrangement is not properly speaking a 
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"power balance" unless the drfving engine or 
motor is itself supported in a manner allowing 
it to turn so that, due to reaction, it can be 
subjected to a displacement in the opposite 
direction to thf direction of rotation and the 
torque measured directly by the application of 
weights. Such an arrangement is sometimes used 
for testing aeroplane engines which are then 
loaded by means of the propeller belonging to 
the machine. 

Probably the most common method of measur¬ 
ing the power given by an engine or motor is 
to couple It to an elecMc generator the losses 
of which are known, and for which the power 
given out can be determined by electrical measur¬ 
ing instruments. The various stray load losses 
in the generator cannot be fixed with any great 
accuracy and in order to calculate the resistance 
losses the temperature of the windings must be 
known. An error of 5“ in the temperature measure¬ 
ment amountsrfo approximately 2 ^ on the re¬ 
sistance losses and possibly 1 ^ on the total 
losses of the machine. A greater accuracy than 
from 1 to 2 5^ cannot accordingly be obtained 
by this method, but there is the great advantage 
that the energy, can be recovered, returned to 
the supply ana employed on useful. work. 

•if it is required to measure the power taken 
by a pump, fan, machine tool, etc., there roust 
be a motor of some kind or other to drive 
It. The most usual choice — for reasons which 
will be easily understood — is an electric motor, 
the power supplied being measured and the 
losses calculated from measurements made at 
no-load. This does not permit of any greater 
degree of accuracy than as stated above. . 

In the two last mentioned cases the elMtcic 
marine is not used as a "power balance". If, 
however, the stator is flexibly supported the torque 
can be measured by using weights, the advantage 
Is gained that the method is practically Inde- 
pendent of any losses occurring, and the accuracy 
is consequently increased. • In constructing such 
an electric dynamometer, it Is, however, necessary 
to take into account a number of conditions In 
order that the result may be the best possible, 
and this will be dealt with in the following. 


of the machine, the pressure or torque can be 
measured ^y means of weights bung upon the 
stator, the elFect of which is to oppose the above 
reaction and maintain the stator in equilibrium 
in the same position as before. In an electric 
motor the stator tends to turn in a direction 
contrary to that of rotation and the weights 
must accordingly be placed on the opposite side 
of the stator to that necessary In the case of 
a generator. 

The torque obtained by this method, is how¬ 
ever not exactly equal to that produced or 
absorbed by the electrical machine because a 
part of the losses in the machine cause no 
reaction upon the stator. Considering a D.C. 
generator, the torques which act upon the stator 
and tending to rotate it, are the following, fig. I. 

I) When n, • - effective conductors in the 

rotor at a speed n r.p.m. cut the field under the 
main poles, the flux being per pole, the e.m.£. 

which is Induced is ' 19“* volts. 

p is the number of poles for the machine, n« 
is the number of conductors, and e the number 
of Circuits in the armature winding. If a current 
of /, amps, flows In each conductor the total 
current is accordingly /- c fj amps., the output 
of the machine in k w 

Oj»i El I = 0.00I • A ® ^ 



When the rotor in a D.C. generator for 
e^mple is rotated and loaded, it reacts upon 
the stator, so that this also attempts to take 
part in the rotation. If this is prevented by the 
stator being provided with feet which stand 
upon a bedpmte, this reaction appears , as an 
increased pressure between one foot and the 
bedplate. If die feet are removed aiid the stator 
bung in a suitable manner in trunnions so’diat' 
it can turn about the centre-line of the shaft 


and the corresponding torque in kgm 
iil = 0.«5 ^ = /i • p ® 

It wUl be noHced that if (Pc - L B, where 

6 is diameter of the rotor, L its length, «that 
part of the pole pitch which is embraced by the 
pole arc, and B the Induction under the pole, then 



Af = /i-n,£-B - wDc ^ • 10-», 

'which is the torque, produced by the current 
/, in » conductor of length n«£ and induction B. 
This torque acts upon the stator in the direction 
of rotation, fig. la. 

2) Iron and fi'iction losses (Pf« and kW) 
exert a reaction on the stator in the same direc- 



Incoettct. 


Cotmct 


tion as the direction of rotation. The iron losses 
are partly eddy-current losses and partly hyste¬ 
resis losses. The former are due to currents 
induced in the iron parts and accordingly have 
the same action as the currents in a generator 
winding. The hysteresis losses depend on mag¬ 
netic friction in the iron and they endeavour 
to rotate the stator in the same manner as the 
friction between the rotor and the bnishes and 
bearings, - which are fastened to the stator. 
When the rotor rotates the surrounding air is 
disturbed and some of it takes part in the 
rotsition, and is being blown against the stator, 
in the same direction as the direction of rotation. 
Another part of the air which is in motion 
does ^ not encounter the stator but is blown 
against the walls of the room and accordingly 
gives rise to no torque on the stator. If the 
two divisions of this air friction are P{, and ^ 
kW the torque on the stator due to this loss 

= -?p.(P/. + Pfr-i-f^O. 

3) Lastly the stator is maintained in equi¬ 
librium by the weight P kg at a radius R m. 
The torque equation on the stator is then 

/iP ®• 10-‘+^(Pft+Pfr+P„)-PR=0. 

If this is compared with the equation which 
states that the power supplied is equal to the 
output + the losses, transformed in torque, 
where Mi is the torque supplied 

Ml - 0.973 ^ (P&+Pfr+fl,+ P|)=0 

we obtain 

Mi=>FR+ — P,t. 

n 

If the machine runs as a motor in the same 
direction, 'the' load current torque on the stator 


acts ill a direction opposite to the direction of 
rotation, fig. 2. The torque due to the losses 
continues to act in the direction^ of rotation. 
The torque due to the weights applied acts 
in the direction of rotation^ and as it is 
now the torque produced. Aft, which is to be 
measured, we obtain 

973 

M,=‘FR- ~ Pi*. 

* n ® 

To arrive at- the exact torque produced or 
supplied we must accordingly add a correction 
to the torque given by the applied weights to 
compensate that part of the windage which 
does not react upon the stator. As the windaec 
is greater at higher speeds the magnitude of the 
correction depends on the speed. If the machine 
has a fan mounted on the shaft the correction 
is greater, but if it is totally enclosed the 
correction becomes zero since in that case the 
air in motion must always strike .some part 
of the stator. The correction tan easily be 
determined by running the machine alone as a 
motor at no-load, one side being weighted with 
Fi kg to maintain equilibrium. The torque due 
to the weights acts in the direction of rotation 
and is clearly equal to the windage torque 
which does not act upon the stator, since the 
rotor current alone corresponds to all the losses, 

973 

and accordingly —Measurements 

are made at different speeds and it is convenient 
to draw a curve showing Ft in relation to the 
speed, .fig. 4. The magnitude of the windage 
also depends on the temperature and pressure 
of the air, but the effect of this on the correc¬ 
tion. is so small that it may be neglected. 



41 rpMK 

Pig. 4* Comdioo cum. 


Thus the torque to be measured is given by 

Ml = (F ±. Ft) - R, 

2 

where Mi and + refer to a generator and M^ 
and — to a motor. At a given speed the cor¬ 
rection is constant and accordingly of greater 
influence at small loads. 

. It is not necessary to know the magnitude 
of the resistance losses, including stray-'IdsMS. 
Stray losses arise due to induced voltages in 
various parts of 'fiie machine and ate considered 
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and included in the induced <^oItage Ei. The 
magnitude of this is. of no importance as it 
does not mpear in the final equation. The 
tempeniture'of the windings does not accord¬ 
ingly affect th.e reading. The dynamometer is an 
application of\hc axiom that action and reaction 
are equal and opposite and if this is kept in 
mind the effect is easy to understand. 

The dynamometer is connected through a 
flexible coupling to the machine, the torque or 
power of whim is to be measured, and the 
stator must accordingly be supported in pedestal 
bearings so that it can turn about the axis of 
the machine. This shaft itself must not rest 
directly in these bearings as in that case bearing 
friction losses would arise, which would react 
on the supporting bearings but not on the stator 
and would accoraingly increase the magnitude 
of the correction Fi. As the bearing losses may 
vary under different conditions, this would in¬ 
troduce some uncertaincy into the readings, but 
this can easily be avoided by carrying the stator 
directly on the supporting bearings which should 
be ball bearings so that the dynamometer will 
move easily. The brush rocker for similar reasons 
should be fixed to the stator, fig. 3. 

On the stator are commonly fixed arms with 
scale pans in which weights can be placed. The 
supporting points of the scale pans on the arms 
should lie in a horizontal plane through the 
shaft as' in that case the measured length of 
the-arms gives the radius upon which the weights 
act when the dynamometer Is in equilibrium in 
its horizontal position and if the dynamometer 
should be displaced by a small amount from 
this horizontal plane the. error is small and can 
be neglected. Should the supporting points uot 
lie in the horizontal plane the letmth of the 
radius alters with a displacement or the dyna¬ 
mometer and this must be taken into account. 
Instead of a simple and cheap arrangement with 
scale pans, a spring balance can be used, or 
the arm can act bn a cylinder containing some 
fluid, the pressure of which can be read on 
a pressure gauge. Registering instruments can 
also easily be applied to the balance. A suf¬ 
ficiently long pointer should be fitted with 
a scale clearly showing the position of equilibrium 
for the dynamometer. In addition the rotor 
should, of course, be well -balanced so that 
unnecessary vibrations, are not caused which 
would make the readings uncertain. Unequal 
.magnetic pull on the rotor only affects the 
readinjn it the resultant of the force does not pass 
through the centre of the shaft. The cables which 
carry the current to the stator must be flexible. 

For the dynamometer to be stable thexentre 
of gravity must fall below fbe point of suspen¬ 


sion, and as the stator is better manufactured 
quite circular and without feet, an extra weight 
is generally, placed on the under side of the 
stator. The dynamometer is so adjusted that 
when the pointer is on the zero and the sup¬ 
porting points of the scale arms lie In the 
horizontal plane, the centre of gravity lies ver¬ 
tically under the point of suspension. With a 
displacement from the horizontail position regard 



must be given to the moment of the centre of 
gravity about the axis.' This moment can be 
measured by loading first one.and then the 
other scale pan when tbe dynamometer is sta¬ 
tionary and measuring the magnitude of the 
displacement The magnitude Fk (in Ic^ of the 
weights is best plotted in a curve with relation 
to the displacement (e.g. mm) and the curve 
has one branch when rising and another when 
falling, fig. 5. If the stator is supported Jn Ml 
bearings the distance between the branches, which 
shows the friction in the bearings, is vanishingly 
small and we can reckon with an intermediate 
curve which shows the sensitivity «f the dy¬ 
namometer. The torque is given by 

«^-(F±Ff±FOJ?, 

where + and — for F} refer respectively to a 
generator and a motor and + and — for Fi refer 
to displacement in the direction of rotation with 
a ^nerator aUd motor respectively. 

The magnitude of the corrections appear from 
the following readings taken from dynamometers 
constructed by Asea consisting of normal open 
machines without fans, fig. 6. 
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The corrcclion for windage is thus so small 
with these machines that up to 3,000 r.p.m. it 
can he neglected in practical measurements, af 
least at full load. 

The correction for a displacement from the 


aero position is not great when we consider 
that I'* displacement corresponds to 5 mm with 
a very short pointer which in working can be 
set to within about 1 mm, and also that the 
sensitivity can be increased by decreasing the 
weight which is fixed beneath the stator. The 
friction in the ball bearings supporting the stator, 
or the space between the rising branch of the 
curve and the mean value for Ft is O.is ^ of F. 
The method can accordingly be considered to be 
as accurate as an electric measuring instrument. 

In order to .simplify calculations in practical 
use the scale arms are commonly made of such 

a length that is ^ or some such 

even fraction, so that the expression for power 

is simple, e.g. P » where F Is. the cor- 

reeled value of the weights in the scale pan 
.iim n ihc r,p.m. ^ 

Naturally an A.C. machine can be used as 
a dynamometer equally as well as a D.C. machine. 
The advantage of using a D.C. machine is 
tftat It can return power to the supply at 
different .speeds whereas the A.C. marine 


can only act r^enerativcly at a .speed corrcjs- 
ponding to the frequency of the supply. In 
addition, when running as a motor, the speed 
of the D.C. machine can be rcgifiatcd within 
wide limits by simple and cheap arrangements. 

The electro dynamic "power balances" have 
been very widely used in recent years. They 
are particularly suitable for testing internal com¬ 
bustion en^ncs of all kind.s. If the .stator is 
hx^ and the dynamometer started as a motor 
with an ordinary starter, the internal combustion 
engine can then be started in the most easy 
manner -and, by taking measurements of the 
power supplied, the no-load lo.sses can be tested 
and bearings and valves run in before the fuel 
supply Js turned on. When the internal com* 
bustion engine is running, the dynamometer 
is loaded by a resistance, or can rclum power 
to the supply, which is of importance If the 
tttt IS a long one} by releasing the stator 
the power can be measured easily ami quickiv 
at any time. * ’ ' 

•‘‘“‘I “achlne tools 

!i very largely 

used and If the stator Is flexibly supportej 

to measure the power taken. The 
efficiency of the dynamometer Itself, Including 

Hm. *!ii^ delcrmlned If at the same 

Hme the electric power supplied i.s measured. 

b’..A msfnrn. 










THE NATURE OF .BREAKDOWN IN SOtID INSULATING 

material. 

p^pcr «»d before lb. ibM N«dk Oenrob^biUeel OtofereKe h 0.1. June IW6. 


tiP* nature .of breakdown in gases has been 
fully understodd for a long Hme. The breakdown 
when it; occurs is instantaneous, and in a ho¬ 
mogeneous Held for any given gas, at a certain 
temperahire and pressure, it takes place at a quite 
definite field strength and is to be ascribed to 
Impact ionisation of h^e electrons, (The above 
rule must be modified to some extent when the 
held is unhomogeneous or the path of breakdown 


very small, but there is nrneed for Pu by Wagner and others 

more closely into this matter). * ^ l^^l'Pendently 


I-uvr 41% 

more closely into this matter). 

It was for a long time assumed without any 
forther consideration that breakdown in solid 
insulating material was of a similar nature to 
that taking place in gases, and also occured as 
soon as the field strength overstepped a cer- 
tain critical \mlue, Curiously enough, it appears 


which is as nearly as possible in agreement with 
the newest accepted theories when these, are 
subjected to careful examination..! even expressed 
the conclusions which I had then reached in 
which appeared in Teknisk Tid- 
skrift, 1916 (see Bibliography). These articles, 
as tar as I can Judge have not become known 
outside Scandinavia and on this account the 
theories published later by Wagner and others 


developed. 

The investigations which, more than ten years 
ago, agisted me to bring to life the question 
of breakdown, consisted of tests oh condenser 
leadmg-through bushings. It would be difficult 
to find anything more suitable for Investlga- 
tlons of such a nature than paper-insulated 


,h.. .hi, fof hU”*xrnr?s^*'i 

• - * "*?1*..P®**^1* pa^er read before homogeneous.) The fault which occurs with most 

A I _ ^11 t. .. . « 


the A.I.E.E., in 1922, subjected the matter to 
invesrigation. Wagner put forward the view 
that bwakdown In solid insulating material was 
a purely thermal phenomenon. Wagner's paper 
awakened the greatest attention and was quickly 
followed by a number of publications dealing 
with, theoretical and experimental investigations 
by various well.knqwn scientists, chiefly in 
Germany and America. Among these must be 
mentioned Hayden and Stcliimetz, Clark, Ro- 
gowski, Gflnther-Schulze, Kjirmin, Schumann 
and others. (See bibliography at end). 


• A?—.-' r t vTisivu wvvuRi wirii most 

investigations of breakdown lies in tbefoct^nt 
they am conducted on a laboratory scale using 
very thin test specimens. The lack of homo- 
freneity which is bound to exist'in the material 
then exenises a very large influence and affiects 
me results, making them puzzling and contra¬ 
dictory, .When we wish to arrive at the innermost 
it is clearly of importance 
that all chance causes should be eliminated. 

It was impossible to fail to observe at a quitw 
early date, that breakdown in solid bodies was 
unlike breakdbwn in gasks in that respect that 


la. fk-A V uniiKe DreaKdOwn lii easte in that rcsnect tha» 

of the histori^^d/ *<> give a short account,, it did not occur Instantaneously, but In general 
* development of knowledge as required a certain time, this time being lon«rthe 
reprds the nature of breakdown, and point out lower the voltage existing In Asea^lt £L foJ 

Wi: & for 

as ordinate. The curve has a falling charactS 
isHc and approaches asymptotically to a definite 
minimum value .of the bmakdown voltage, which 
thus-eorresponds . to the pressure wtilch the 
specimen can withstand continually. Generally 
It seinis as-if' the' reason for this was sought in 
the unhomogeneous structure of the solid body 
whem parts of different qualities of resistance to 
breakdown are mixed up together, thus requiring 
a certain time for breakdown to. be folly estab¬ 
lished, and before which the pressure can eat 
through the stronger sections. 


by Wagner his statement that the nature of 
completely unknown up to 
1922 is incorrect. In Asea this question long 
ago received the most careful . attention, and 
ten years s ince, we bad come to a conclusion 

foil^iiil ^ •» <*• 
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When testing thicker specimens, it does how* 
ever appear incontestably that the whole pro* 
cceding is a purely thermal phenomenon. I 
cannot do better than make one or two quo¬ 
tations f«>*n my article of 1916. — »If these 
(f.e, condensor bushine) are subjected to 
continuous load at a high temperature and 
with little power behind them, they are heated 
up further, due to their own losses and on 
this account' the losses themselves increase 
efc., until the material can be considered to 
be completely conducting and the voltage of 
the testing transformer sinks to zero... No 
breakdown or damage to the material can, how¬ 
ever, be detected and after the bushing has 
cooled down it can again withstand consider¬ 
able voltages.» (In general, however, some al¬ 
teration occurs as the temperature often be¬ 
comes so high that the.material is to some ex¬ 
tent carbonised). If the voltage is altered slowly, 
giving time for a steady temperature condition 
to be reached for every voltage, the connection 
between the pressure and losses or current respec¬ 
tively can be represented by a curve in accordance 
with fig. 1. The large thermal capacity makes it 
relatively easy to establish even the unstable 
falling part of the curve. With thin test spe¬ 
cimens, as used by most expedmenters includ¬ 
ing Wagner, it is however very difficult and 
requires special skill. Quoting further: >> »The 
greatest disadvantage vrith condenser type leadings 
through bushings, as with all paper leading- 
through bushings for high voltages, is the low 
heat resisting quality of the varnished paper. 
With •temperatures from 50® to 100®, f.e. the 
normal working temperature for transformers, 
the dielectric losses increase enormously, while 
‘^t the same time the breakdown Voltage sinks 
to a small fraction of the normal. Leading-through 
bushings are rendered particularly risky by the 
fact that the losses within the temperature li¬ 
mits in question, are of such a magnitude that 
they give rise to considerable heating on their 
own account. In this way the losses arc further 
increased and the temperature rise is still higher, 
e/c. An unstable equilibrium is thus reached with 
a given temperature and even the smallest tem¬ 
perature rise makes any equilibrium impossible 
on whkh account breakdown, after some hours 
must infallibly occur. If we know and can ex- 
press the losses as a function of the temperature, 
and know also the heat conducting qualities of 
the bushing it is then easy to calculate the cri¬ 
tics point mathematically.* 

, , time I carried out an elementary 
calculation of this caracter and I am giving this 
^elow in somewhat modified form as it will 
fvc to show ihc character ol the phenomenon 


in a simple manner. The assumption Is that the 
specimen is of such thickness that the tempera¬ 
ture variations in it are relatively small, the 
chief temperature drop occurring hetween the 
specimen and the surroundings. We can thus 
experimentally obtain the total Ibsscs as a func¬ 
tion of the mean temperature of the specimen 



reckoned above the surrounding.s. For field 
strengths occurring in practice the los.scs in ge¬ 
neral are proportional to J? where if is tlie 
voltage. We can thus put the losses 


P*" 


R 


CD 


where R is the ’’effective resistance” of the spe¬ 
cimen to a current of the frequency in use. Ro 
is the magnitude of the resistance at the tempe- 

U 

rature of the surroundings. In fig. 2 t-« fW 

is given as a function of the tcinpernture »V; 
Thus the critical point can be calculated. 

If the heat conducted away is to be equal to 
we have clearly 

»= 0 . ( 2 ) 

and differentiating 

dR 

“ . (3) 

from which 


A 




A 


(4) 











ASEA-TOURNAL 165 


or if the resistance at the critieal point is called 
Rk and the temperature O-k 



If we construct the curve y “ — • /*(»*^) it 

is clear that this cuts the curve (if) for 

Ko 

if » ifk. The highest field strength corresponding 
herewith is in accordance with equation (2). 

V fi^kRk. . (8) 

From the figure it can further be seen that 
if / (^) should actually, over the whole distance, 
coincide with the tangent at ifk, then Rk would 

become equal to R^ and in consequence ft 

2 practice is somewhat less, or 

between ~ R^ and ^ R<, so that it follows that 

P» = 2 to 3 * P<,. If the losses are so great 
that they warm up the bushing to such an 
extent that the losses are multiplied by from 
2 to- 3, it is obvious that breakdown is certain 
to occur. 

The realisation that breakdown in paper and 
similar materials was a purely thermal pheno¬ 
menon lead me immediately to an idea for im¬ 
proving paper leading-through bushings by in¬ 
troducing layers of mica and this is more fully 
described in the articles already mentioned, and 
was patented at the same time (mica has a very 
small temperature coefficient). This has in fact 
made it possible to use condensor type leading 
through bushings in transformers where they 
are subjected to warm oil and high voltages. 
Another alteration was that the thickness of 
material in, for example, 80 kV leading-through 
bushings could be reduced by about 30 ^ 
without decreasing the resistance to breakdown. 
In accordance with equation (8) the critical volt¬ 
age certainly increases as the |quare root of Pa and 


thus with the square root of the thickness, but 
taking into account the heat drop in the bush¬ 
ing, it will be understood that the critical volt¬ 
age cannot be raised. to any considerable extent 
by increasing the thickness of the material after 
a certain limit has been reached. Fig. 3 shows 
curves made at the beginning of 1916 giving 
the dielectric losses for 80 kV leading through 
bushings of bakelite paper with and without 
mica layers as a funtion of the temperature. 
Figs. 4 and 5 show curves measured later for 
condenser type leadiiig through bushings of 
bakelite jpaper at different temperatures and for 
various nequeheies. It is important to note that 
the heat capacity in large paper bushings and 
insulating material of corresponding dimensions 
is so great that the bushing will often easily 
withstand, on a one minute test, more than 
four times the breakdown voltage for a conti- 
nous test, a point which all the standard rules 
for testing have neglected. If a long duration 
test is required this should be continued for 
at least 24 hours in the case of large bushings. 
On the other hand this test can be dispensed 
with if instead we measure the dielectric losses 
after having once determined how great these 
may be to be succesfully withstood by a bush¬ 
ing of any given type. 

After this basic rule obtained by experience 
had been established, a large number of very 
complete expe.rimental investigations were carried 
out in Asea’s bead laboratory residing the 
loss characteristics of different insulation mate¬ 
rials at various temperatures, and based upon 



these Dr. Dreyfus developed a matematical 
theory of breakdown, which was first issued as 
an internal technical report in 1920, and after- 
:^ards published in a more fully developed 
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form in the Teknisk Ticlskrift and in tho R»l it ) ^ 

Ictin dcs SchwefeerischenEl. Verein 1921 Thei' t ** '■*'«**^«*y 

articles covered all narts of where n -2 gives the 


I I 11 ’ xnc!ic 

articles covei^ all parts of the earlier work 
referred to Above. 

In making this calculation it Is assumed part¬ 
ly, that the temperahire of the electrodes is 
kept constant and equal to that of the sur¬ 
roundings, so that the whole of the beat drop 
occurs in the test specimen, and partly that a 
heat drop exists also between the electrodes and 
the surroundings. 

In the former case we obtain: 


• j » -—I ciaiiic icauil ctSi 

ray elementary treatment; that is the breakdown 


*trave E is the maximum voltage 
winch the specimen can withstand continuously 
// is the thickness of the specimen in cm, A is 

the conductivity in cm watts a constant 

cm'^ 

cm 

applying to certain material with a given pro¬ 
portion between specific losses and temperature. 
It is the Mwer of £ by which the losses are 
increased. With thick specimens which arc only 
subjected to small field strength n - 2. and 
It will be seen that E is independent of the 
thickne^ m that among other things it will 
be noted that an increase in the thickness above 
a certain limit does not increase the breakdown 
pressure for the specimens on a test of long 
duraUpn. As I have already pointed out this 
agrees well with the results obtained on e,g. 
bakelite paper bushings. With high field strengUi 




o to » 40 » to 70 60 X 

n».4. 

which thin plates can withstand n>2. Here 
acco^iDely, wifh a conslant external temperature, 
the breakdown voltage increases with the thlck- 
ne» of the test specimen. 

k .i the fall in temperature 

between the electrodes and the surroundings AA 


t to to . » 40 so €0 cyeks/s,c. 

rkt-s. 

tldckness*'^'^**” ** squate K>8t of the plate 

If we consider both the temperature drop in 
the SMcImen and also between the electrodes 
and the surroundings we also obtain an expres- 
Sion for the maximum breakdown voltage. This 
increases, as we should expect, for relatively 
thick plates with n - 2 much more slowly than 
as the square root of the thickness. I do not. 
however, propose to occupy time here by givlns 
the mathematical expression for this. 

It is suflFIcient to state that the theoretical 
conclusions agree very well with the experi- 
mental results, ^ 

As I pointed out before, the losses with high 
held strengths increase more. quickly than as 
the square of the voltage. The reason for this 
is apparently that ionisation takes place In 
bubbles of gas imprisoned in the material. The 
modification of the law for brekdown with thin 
sheets of material is however not only due to 
this reason. It is clear that, when using thin 
plates of material, if the specimen is at all un- 
homogeneous this must greatly afifect the result. 
Although when subjecting a condenser bushing 
to a test of long duration with large series 
resistance, no local breakdown can be observed, 
but the whole bushing or a greater part of it 
IS warmed up, and if the temperature becomes 
sufficiently high, swollen up or carbonised, it 
is known that with thin test specimens local 
breakdown can occur, the material being other¬ 
wise unchanged. Clearly if a weak spot gv»«is 
the losses will be concentrated at this point 
which Is accordingly warmed up by a relatively 
large amount. Here also, a heat breakdown Is 
possible, although jhe conditions are very un- 
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like those existing in the case o( bteakdown 
in quashhoinogeneous material. 

Wagner investigated, in the article previously 
refenr^ to,* just such breakdown which he con¬ 
ceived as a pure thermal proceeding analogous 
to the repre^ntation I gave earlier for quasi- 
homogeneous material. He considers a duct or 
canal in the specimen where the losses are con¬ 
centrated, and investigates the requirements for 
thermal equilibrium. Here he considered the heat 
as only being conducted radially &oni the cy¬ 
lindrical canal, and obtained in this way the 
breakdown voltage proportional to the thickness 
of the layer. The general applicability of this 
result, however, dimrs so entirely from all ex¬ 
perience that it must be abandoned. Wagner 
himself has certainly conducted a large number 
of tests, but on very thin specimens, and thus 
found hb theory corroborated. The fact that the 
rule for certain material and for very thin spe¬ 
cimens where the losses increase in proportion 
to a high p<?wer of the field strength, may be 
correct within certain limits is also demon¬ 
strated by the theory for quasi-homogeneous 
material explained above. It cannot, however, 
be even approximately general, and it is probable 
that Wagner's resulb, as suggested by Kirmin 
and others, have their origin in the nnhomoge- 
neous wooden electrodes which were used by 
him for certain reasons in his investigations. The 
resulb obtained in this way thus do not depend 
on the characteristics of the actual material un¬ 
der test. 

Dreyfus, Rogowski and others have later 
critised Wagner's exposition much more severely. 
Dreyfus has developed a very complete theory 
for "canal breakdown" for thin test pieces and has 
shown in this way that if attention is paid to 
heat conduction in both the axial and radial 
directions of the "canal" the result is that the 
breakdown voltage increases more slowly than 
the layer thickness which is in accordance with 
experience. To arrive by purely theoretical me¬ 
thods at any more definite results, causes us 
however, with "canal breakdown", to encounter 
difficulties as we depend on the "canal" dimen¬ 
sions which we cannot obtain exact knowledge 
of by any theoretical investigation since they 
depend on the unhomogencous state of the 
material. Rogowski, who regards the new idea 
of breakdown, as a thermal phenomenon, as the 
most interesting iidvance in this direction since 
Townsend solved the problem of breakdown 
in gases, considers the action as a combination 
of thennal and electric phenomena. 

For my part I have never gone as far as to 
state that in the case of solid bodies bteak¬ 
down must under all coi\flifions be regarded 


as a purely thermal phenomenon. A test spe¬ 
cimen is unable to withstand easily high volt¬ 
ages even if the outgoing temperature is so low 
Md the stress of such short duration that there 
is no time to reach a dangerous temperature. 
The atoms are held together by electrical stres¬ 
ses and sooner or later this power of retention 
must be lost, due to the action of the exterior 
field. It is certainly true that the retaining elec¬ 
trical foKes between the atoms are apparently 
so great that they cannot be directly neutralised 
by any exterior field which it is possible to 
obtain in practice. But in most solid insulating 
material there exist spaces and pores which are 
filled with gas, whether air or vapours from the 
impregnating varnish, etc. Here impact ionisa¬ 
tion can occur in the same ntanner as in gases 
and due to the imprisoned free electrons, the 
solid material can be broken up and a pro¬ 
gressive breakdown commenced- Experiments 
carried out in the Asea laboratory on bakelitc 
paper insulating material of some millimetres in 
thickness show that breakdown even with such 
high field strengths as 500 kV/cm requires a time 
approximately corresponding to the calculated 
time for thermal breakdown with quasi-homo¬ 
geneous material so that it can be asumed with 
a large measure of probability that the break¬ 
down is of a purely thermal nature up to and 
including field strengths of this order of mag¬ 
nitude. 

To a great degree it may be said that with 
fibrous organic insulating material commonly 
used for nigh voltages, such as impregnating 
paper, cotton, etc. a pure heat bteakdown oc¬ 
curs in so far as affects working at voltages 
ordinarily in use. A purely electrical breakdown 
can only imagined in the case^of normaV 
voltages with such thin sheets of insulation as 
never occur in practice. Strains of short duration 
due to atmospheric discharges etc. may however 
act even in a purely electrical manner. In certain 
inorganic material such as mica, porcelain, glass 
etc. dielectric losses, even at temperatures bet¬ 
ween 50 and 100® are often so exceedingly 
small, that a breakdown entirely due to a ther¬ 
mal effect is only to be expected with very 
thick layers of Insulation, or in the case of 
constructions which are well heat Insulated. 
Here accordingly purely electrical or thermo¬ 
electric breakdown is relatively common. 

I have discovered support for this Idea in an 
article by Schumann in the Zeitschrift for Tech- 
nische Physik, No. 9,1925. In his article among 
other things measurements are given for glass 
lenses, the temperature Immediately before 
breakdown having been measured by the altera* 
tion in the optical characteristics and it was there- 
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by established that no appreciable temperature 
increase existed. 

In conclusion I must just touch on the fringe 
of a question which is closely connected with 
the nature of breakdown, the character of di* 
electric losses. If we wish to explain fully the 
purely physical nature of breakdown it is im¬ 
possible to escape the solution of the problem 
of dielectric losses also. 1 shall here confine 
myself to referring to my above mentioned article 
in Telcuisk Tidskrift in 1916. I endeavoured 
to show there that the dielectric losses are en¬ 
tirely conduction losses in an unhomogeneous 
dielectric. Possibly this is going too far. On 


the other hand tit is indisputable that any fib¬ 
rous material .such as varnished paper prepara¬ 
tions etc. and with temperatures where heat 
breakdown occurs, the dielectric fosses, to an 
altogether oversvhclming extent, are made up of 
just such ohmic losses. We obtain here the most 
perfect agreement between theory and experiment. 
Especially in the case of the material which is 
im^rfectly dried wc often obtain a maximum loss 
with about 30^ The losses begin once more to 
Increase^ at about 50^ The maxima and minima 
in question are transferred at higher frequencies in 
the direction of higher temperature. The cal¬ 
culated curves show simikir curious properties. 


R. LiljebUd. 
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SOME IMPORTANT* ELECTRICAL CONCEPTIONS POPULARLY 

TREATED. 


The elecfrical characteristics which are con¬ 
sidered most suitable for discussion in the pre¬ 
sent article haW regard to electric motors, and 
are: losses and efficiency, heating and method 
of cooling, and reactive power and cos y. 

TAe losses in electric machines (motors) are 
of two chief kinds: (I) mechanical, (2) clectro- 
magiretic, 

The mechmkal losses consist of friction in 
bearings, commutators and sliprings, and wind- 
a« due to rotation with which must be in¬ 
cluded losses due to any arrangements for cool¬ 
ly. Their magnitude is dependent on the speed 
of the machine, and in such a way that their 
connection is in general somewhere between 
direct and quadratic proportionality to the speed. 
Only in cases where the windage losses arc 
very large ^n the proportionality be greater 
than the square. They arc constant with constant 
speed and, practically speaking, independent of 
the load. The magnitude of the mechanical losses 
is usually from 1 to 2 of the full output in 
the case of motors of small and medium size. 

The elecfro-nuigneiic losses consist partly of 
iron losses and partly of copper losses. The 
former have their origin in the sheet from which 
the iron core (the armature of a D.C. machine 
and the stator of a three-phase motor) is made 
Up. One variety of iron loss is called hysteresis 
loss and depends on the quality of the sheet 
used (alloy) being due to a certain sluggishness 
of the iron in changing its magnetisation, while 
another variety, edc^-current/oss, depends partly 
on the quality of the sheet (the electrical con¬ 
ductivity) partly on the thickness. The lower 
the electrical conductivity and the thinner the 
sheet, the smaller is the loss. Iron losses change 
with the speed but at a constant speed are in¬ 
dependent of the load. In their outward effect 
they accordingly resemble the mechanical losses 
and are usually included with these under the 
general designation no load losses, denoted by 

i >« (watts or kilowatts). Copper and resistance 
osses manifest themselves in a wholly different 
way and depend on the resistance of the con¬ 
ductors and windings being always proportional 
to the square of the current flowing. As the 
current in that type of machine whim we are 
chiefly considering, namely the three-phase in¬ 
duction motor, is approximately proportional to 
the load, it follows that the copper losses ace 
proportional to the square of the load. They 
are usually denoted by pa, (W or k\(0- 
flg. 1 the two chief varieties of losses, and 
po, for a common iuductioy motor (the speed 


of which is of course practically constant) are 
drawn in curves as a function of the load, and 
likewise the derived efficiency curve. 

If we draw a tangent firom the origin to the 
curve of total losses, the point of contact of 
the tangent denotes the load for which the ef- 
flciency is a maximum. And the tangent of its 
angle of inclination (tan d) is also the magni¬ 
tude of the corresponding percentage loss. In 
this case the maximum efficiency occurs at about 
5.S kW and the percentage loss is accordingly 

-j— • 100 =< 12.2^ and thus the maximum cf- 

flciency nj - 87.* 

Electric motors, as is well known, become 
warm when running — sometimes more and 
sometimes less — and It is not without reason 
that we connect the degree to which heating 
takes place with the quality of the motor. A 
hi^ temperature of course adversely a^cts the 
reliability and the length of life of the motor 
— and in particular as regards the insulating 
material used such as cotton, paper etc. The 
heating is of course caused by the losses which 
have just been referred to, and if the motor 
becomes hot (or too hot) this indicates that the 
losses are too high. This is actually the case but 
it may not always follow that on this accoun* 
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the motor is a bad one. Excessive heating can for 
example be due to the fact that the motor is over¬ 
loaded or that the conditions as regards cooling 
arc inadequate. It cannot be too strongly empha¬ 
sized that insufficient ventilation always leads to 
overheating. But it should be noted that there is 
a limit to ventilation; it costs money in the same 
way as losses, and one should not go further than 
to ensure that the motor with adequate ventilation 
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and full (nonnal) load will not attain a tem¬ 
perature which would endanger reliability. 

There is however another limit to cooling 
which does not depend on the necessary power 
expenditure. In certain industrial applications 
it is necessary to ensure that the inner parts of 
the motor are not exposed too much to the air 
which surrounds the machine; this both from 
the point of view of keeping the motor clean and 
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also with regard to fire risks. If the air sur¬ 
rounding the motor is laden with dust the mo¬ 
tor should be ventilated by means of air brought 
from outside the factory, or the machine must 
be totally enclosed and no ventilation allowed 
for. In the former case the motor is of app¬ 
roximately normal size and costs only slightly 
more, although the necessary fans and duct 
work fake up space, increase the capital charges, 
and absorb power. In the latter case the motor 
is much huger and more expensive and the 
Iosses*^may possibly be higher. 

We will now mote closely examine this rather 
indefinite statement regarding increased losses. 
In fig. 2^ the loss curves are drawn as a 
function of the load for a 10 and for a 15 
kW motor and from these it is seen that the 
small motor has a better efficiency up to 5.5 
hW while above that point the efficiency of 
the larger motor is higher. If the output 
which the motor is required to develop is 10 kW 
it will be seen accordingly that the laraer mo¬ 
tor has the lower loss and the higher eniciency. 
As in general motors ate designed with copper 
losses which ate twice as great at foil load as 
the no-load losses the highest efficiency occurs 
at about 70 % of full load and as on the other 
hand the maximum efficiency is higher for laigc 
motors than for small ones it will easily be 
understood that the larger motor has better 
efficiency in the neighbourhood of the foil load 
capacity of the .smaller machine. 

To return now to the question of cooling, it 
can accordingly be said that the large totally 
enclosed motor without cooling pipes has lower 


losses than the smaller totally enclosed motor 
with pipe ventilation for which in addition the 
larger losses are increased by the losses occur¬ 
ring in the fan. The larger machfne certainly 
costs more than the smaller one, but the ques¬ 
tion to be considered is whethe^ the increased 
rice is greater than the increased cost entailed 
y the fan and cooling pipes, and it should 
also be borne in mind that the larger motor 
entails lower amortisation due to its'greater re¬ 
liability, longer time of amortisation, and higher 
value at the conclusion of the amortisation period. 

We shall return to this question later on in 
conjunction with 

Tht teaclwe power and cos <f>. 

In recent years a great deal has been said 
on the subject of cos tp, perhaps more' than is 
really helpful. The reactive power which is the 
cause of low cos (p is certainly an evil, but 
evil must exLst — otherwise it ^ould be im¬ 
possible to appreciate anything good — and 
the only thing to do is to keep the evil within 
reasonable limits, or even to turn it to good 
.nccount. 

The reactive power which an ordinary in¬ 
duction motor takes of necessity from the supply, 
is required partly for magnetising the iron core, 
and partly for the so-called magnetic leakage 
field. The former part of the reactive power 
appears even when the motor is running at no- 
load, the latter part arising as the load is app¬ 
lied. The former can, like no-load losses, (the 
active no-load power) be regarded as constant 
(with constant speed and voltage) over the 
whole load range while the latter are similar 
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to the copper losses and thus increase as the 
square of the load. Since the reactive power 
(like the active) is represented by the product 
of voltage and current, and the voltage is .seen 
to be constant, it follows that the reactive cur¬ 
rent, which the motor requires and uses, varies 
with different loads in the same way as the 
reactive ^ power, and .iccordingly approximately 
as in fig. 1, if p^ and poi represent the con¬ 
stant* and variable parts respectively of the 
reactive power oi^. current, naturally with the 
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difference, that the relation between the two 
arts is in general otherwise, the variable part 
eing. relatively smaller. 

From the* simple Heyland diagram for a three- 
phase induction motor a number o£ important 
working characteristics can be obtained, such as 
cos ^ at various loads, overload characteristics, etc. 

Here we shall not deal' further with the Hey¬ 
land diagram, except, returning to the large to¬ 
tally enaosed motor without pipe ventilation, 
as a substitute for the smaller enclosed motor 
with pipe ventilation, previously mentioned, to 
establish the fact that by the choice of the larger 
motor we obtain a lower power factor (cos y*) 
than with the smaller motor. 

We can however get round this disadvantage 
by ordering the lareer motor for a higher vol- 
taee than that which will actually be used, by 
which means we certainly adjust the losses and 
efficiencies a little in accordance with fig. 2, 
but obtain a cos so altered that the larger 
motor is prdbtlcally as good as the smaller in 
this respect. 

. In connection with this we would, however, 
say that the customer by careful selection of 
the voltage when placing his order, or the 
supplier by skilful design and construction can 
ensure that the larger, totally enclosed motor 
without pipe ventilation, will be better as regards 
efficiency and not worse as regards power uctor 
than the enclosed pipe ventilated motor. 

Lastly by the help of a diagram we shall 
show, how a synchronous or autosynchronous 
motor can improve the power factor or reduce 
the amount or recictive current and power when 
this is too great. 


In fig. 3 diagrams for both clas.scs of motor, 
synchronous and .rsynchronous, are drawn to¬ 
gether. From these it will be seen that the re¬ 
active current of the former motor is negative as 
also Is the phase displacement It follows that the 
positive reactive current of the asynchronous 
motor is compensated to a greater or less extent 
by the synchronous motor and herein lies the 
value of the practice lately developed, and con¬ 
tinually gaining ground, of displacing asyn¬ 
chronous motors on large installations by syn¬ 
chronous or autosynchronous motors in cases 
where working conditions allow the use of a 
motor running at synchronous speed. 

It should DC unnecessary to go further here 
Into the question of the disadvantages arising 
from reactive current. We may, however, point 
out that the reactive energy is not an actual 
power, corresponding to a definite expenditure 
of water or steam, but that the reactive cur¬ 
rent is added to the .ictive, giving an in¬ 
creased total current value which in turn in¬ 
creases the losses in generators, transformers 
and feeders, and so lowers the efficiency of 
the whole installation. 

This addition is not, luckily, an arithmetic 
addition but a geometrical addition in the same 
way as two forces at right angles. This in¬ 
troduces the condition that a small phase dis¬ 
placement i.e. cos <p in the neighbourhood 
of 1 docs not exercise any great effect. It is 
when we reach the point where - 30 to 40®, 
t.e. when cos <p reaches 0.« or is lower than 
this figure, that the disadvantages become of a 
serious nature. • 

A. Lindstrom. 


THE FRONT PAGE. 


The photograph on the front page shows one 
of two self-cooled transformers manufactured by 
Asea for the Syd.svenska Kraft A.-B. of Malmo, 

Sweden, each of 12,000 kVA, §^^75,600 volts, 

50 periods, provided with extra terminals for 
voltage regulation on load and designed for 
outdoor installation. 

At the pretent time Asea also has under con¬ 
struction for the same firm 2 very .similar tran.s- 
formets, one designed for 18,000 kVA, 47,000/ 
52,000 volts and the other for 6,000 kVA, 
56,500/5,^00 volts and this order as a whole 
may be regarded as a good examjple of the 
capabilities of Asea as regards Iransformer con¬ 
struction. 

The largest sizes in self-cooled transformers 
previously delivered, by Asea were as follows: 

1910........ ,1,000 kVA 


1915. 1,500 kVA 

1920. 3,600 „ 

1925 . 12,000 „ 

1926 . 18,000 „ 


Sizes which in 1910 were looked upon as 
technically impossible do not now cause Asea 
any difficulty whatever. The main reason.why 
such transformers can now be constructed of the 
self-cooled type is that use is made of powerful 
radiators which are Joined to the transformer 
tanks and by which means sufficient cooling 
surface .ind effective cooling is obtained. As the 
radiators can easily be removed they are easy 
to maintain clean and free from oil sludge 
while at the same time transport does not give 
rise to any difficulty in spite of the fact that 
the transformers, as will be seen from the pho- 
ttmraph, .ire of very large‘dimensions on account 
or their high output. 













ELECTRIC SECTIONAL DRIVE OF PAPER MACHINES. 


The problem of sectional drive for paper 
mac lines has been discussed in a number of 
pubUMtions during the last few years. The 
guestion has lately been of special interest to 
our engineers, as the first eguipraent for electric 
sectional drive has recently been set to work 
in During the present year, Asea has 

installed the electrical eguipinent for a large 
paper machine for Holmens Bruk, Hallstavik. 
the excellent results obtained with this plant 
have led to the placing of orders with Asea 
tor sectional drives in connection with further 
two machines for the same customer (one for 
a large new machine, .ind the other for the 
conversion of an existing machine), while in- 
terest in the system has also been evidenced 
in other places,*} 

The running of a paper machine, it will be 
borne in mind, is characterised by the special 
requirement that the speed for which the machine 
is set, both as regards the absolute speed and 
the relative speeds between the various parts 
of the machine, must be kept constant within 
very close limits, while at the same time It must 
be possible to adjust this speed over a very wide 
range. When cleaning etc,, it is also necessary 
to be able to inch the machine an exceedingly 
small distance at a time without difficulty. 

Formerly, paper machines were, in general, 
drwn by variable speed steam engines. The 
different parts of the paper mtichine were con- 
nected together by belt drives with conical 
pullers and friction clutches so that correct 
varL-itlons in speed between the different sections 
could be arranged. During the last ten or twenty 
years, hqwever, there has been i- tendency to 
chanp over to electric drives, the paper machine 
simply being run by an electric motor instead 
of'a steam engine and the same arrangements 
retained for transmission between the various 
sections. In the older plants, where a D.C. supply 
on the three-wire system was often available, 
use was made in a number of cases of o^inary 
D.C. motors with shunt regulation, or motors 
provided with two armature windings either in 
series or in parallel in combination with .shunt 
regulation to obtain very wide speed range. 

Since the three-phase supply has become ge¬ 
neral for all the larger industrial undertakings 
in most cases use has been made of the Ward- 
Leonard system. By a three-phase to D.C. motor- 
generator set, continuous current is generated, 
the voltaee of which is v.iried by shunt regula¬ 
tion in the field of the D.C. generator. In this 
way a continuous speed range is obtained from 
the lowest possible speed up to foil speed, for 


the main motor of the paper machine. This 
system has, from the point of vi^ of regula¬ 
tion, considerable advantages over the .older 
method with a D.C. motor ojSerating from a 
D.C. supply at constant voltage. 

Several advantages are gained by using electric 
drive instud of direct drive from a steam engine. 
The possibilities of maintaining the speed con¬ 
stant are greater than for the direct coupled 
engine, operation Is improved and less attention 
is required. At the same time, naturally, the 
electric transmission involves certain losses. On 
this account it was urged in many quarters that 
a change to electric drive with a main motor 
was not justified. The supporters of the direct 
coupled steam engine have emphasised, among 
other thinn, the advantage of being able to 
use the exhaust steam direct (of heating drying 
cylinders. This, however, really only applies to 
machines which work in genenfi at the same 
speed. For machines which under different con¬ 
ditions operate at widely different speeds It 
should be noted that the amount of evha nst 
steam available only corresponds to the demand at 
a rertain speed. Generally, perhaps, it may be 
said that as long as electrification was confined 
to driving by a main motor, retaining the old 
transmission gear, the value of electrification 
was, at any rate in some cases, very doubtful. 

The question is on an entirely different plane 
If foe electrification of a paper machine is 
TOCCted by the use of electrical sectional drive, 
Here the full advantages of electric drive can 
be obtained. 

Fimt of all it should be noted that a saving 
of about 20 ^ in the power supply is obtained 
due to the elimination of the mechanical trans¬ 
mission. ••) 

The best of the systems now in use for speed 
regulation make possible, in addition, a much 
more definite adjustment of the relative speeds 
l^tween the differetft parts of the machine. 
This means that the number of breakages occur¬ 
ring in the paper web are greatly reduced and 
production thereby much increased. 

Production is also increased, and to a much 
pater extent, by the fact that the speed can 
be conriderably raised. The belts in general 
make the speeds of necessity very low in the 
case of transmission .drive. Seldom is It possible 
to obtain a higher speed than 250 mfoiinute. 
with sectional drive speeds up to about 350 
m/minute can be obtained. 

«««»► 

••) For iiMdilaa wMb vwtMl belwtcn l» md 250 
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M*. 1« Sirat^lficd diagram of electric eqiii]iiaeBt for piper madilne whb 9 motori* 


1« Molw operated rmbllng apparaliit. 

Ia« Oenentor Held retlttance. 

1 b. A4|uftM]e rccfaiame for presnire cod 
^ of wUlof («). 
le*. AdjuslUig leibiaikce. 

Jtl. Operating motor. 

Jc. Uarallel reslftance. 

1 f« Series resistance. 

Ig.(^tact for dosing (20). Only doses 
wlien the contact arm moves from the 
*lpP position In tliedlrectlon**hKieafe**. 
Jh. Mniie swltcli. 

11. SlgiMliiQg contact. 

2. Qredt bwker for generator. 

2a. Aioctllarx mtact for do^ (20). 

2b» No-volt tday. 

2c. Series resistance foe same. 

Qic^t ^ber for generator exdter. 
Overload relay, band cesetHpg, for motor 
evdter. 

Field resistance, for generator exdter. 

2* *1. . <* . fo* “olor exdter. 

7. Adjusttng resislanee. 

a.. Spfod regnlator. (Voltage regnlalor). 

9. IfOQ wlte lesislaiirt*' 


3. 

4. 
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to. ^ngeover swildi for same. 

12. Substltulion msfance. 

13* Dlirerenllal relay. Releases 11 If tacbometer 
dynamo voltage foils. 


23. Dli co nne cripg ssdicbet for die separate 
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14. Pdsb butlons. 

17. Amatotcr diangeover switch, , 
la. Sjj^ Indicator. (VoHmeler), 

19. Plug mlaet for portable ammeCsr. 

19a. Short drodtlng switch for (19). 
^taclor with liking contacts fo^ 'tbe 
Reid exdtation of the motors and for the 
starter operating emrent. 

20a. Retaining contact. 

70b. Operating contact. (After opcnbig of 

21* Discharge rcsbtanee. 

22. Fuse for operating drenit. 
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23a. Auxiliary conlact for brtahing ibe 
operaling current kf Ihe starters. 
Olsconnacilng swHchet for motor fields ami 
tiarting operating drcniis. 
Mcomcdl^Bri^ for field winding of 

Swl^ for operating drmlts. 

DItthaigt lesistanres. 


OvstIomI relays wllh delayed action. 
Siarlecs. 

Starter common to 2 motors. 

Motors. 

^itohaM regnlatots. 

Weld leiltiance for matter mofor. 
Tachometer dynamo. 

Fuses for same 

Pbsh bniton boxes for the separate motors. 
Plug contacts* 

Portable push button for '^Inching*'. 

Pi^ button box for common sptW re- 

IMMlWlle 

Speed! 


The windege «t up by the taige belt trans¬ 
mission also causes the paper to be unevenly 
dried, thus lowering the geneml quality, and 
often making it necessary to scrap a large part 
of the output. With secHonal drive it has been 
found much more easy to obtain even drying 
of the paper. 

' Convenience in operation is also greatly in¬ 
creased. Starting and stopping of the di^rent 
sections as well as alteration in the overall 
machine speed can be effected from push buttons 
mounted on the front of the paper machine. 
During examination of the machine, and espe¬ 
cially during the |^guent cleaning of the«wice, 
control can be easily effected by means of a 


portable push button attached to a flexible lead 
and accessible from any suitable point. The 
machine in this way can be inched forward in 
suitably small amounts by the man carryiitg 
out the cleaning. 

Lastly considerable space is saved due to the 
elimination of the transmission arrangements 
especially in the basement so that the building 
costs are much reduced. 

If the costs incurred by electric sectional 
drive ate compared with those when Ihe drive 
is made with a main motor and transmission 
diey are more likely to be lower in the case of 
sectional drive. The primary driving unit in the 
Leonard set is smaller in the case of sectional 
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drive due to the wylng in power by eliminating 
the traiumission. The switchgear for this system 
^ ,““* **”**• J"**«*<l of tlie main motor 
with starting resistance etc., and transmission 
tor the paper machine, separate motors arc used 
wit h^ st yters and speed regulating arrangements. 
Yet tbs increase in the price of the electrical equip- 
ment shmild not, in general, be greater than the 
saving effected on the transmission, 

Under such conditions the equipment of any 
new large or medium sized paper machine with 
anything but electric sectional drive is hardly 
worth wnsideration. The advantages with sec¬ 
tional drive are in themselves so great that, in 
many cases, it pays to convert older transmission 
driven machines, and a number of such changes 

consideration in various parts of the country. 

Ik" <>rive of a paper machine 

we can reckon with a 
ng of about 20 ^ in the power required 
iin cpmparison with a machine with Leonard 

It is practically im- 
JL ij ?,|.® 8lv6 any simple rule, of general 
♦if? . **,*’^*" machines of approximately 

Tk*”if **** 8 widely varying results, 
the best course to pursue Is undoubtedly to 

SSlar"m»,.k- gathered from 

tiiM ^ transmission drive taking 

into account the saving mentioned above, due 


Pig. 1 Shrinluige regulator. 


to elimination of the transmission. The speed 
tor sectional driven machines, it is true, can 
be pushed higher than formerly, but we can 
approximately assume that the torque neces¬ 
sary increases with the fourth root of the 
speed and the power required accordingly some¬ 
what more rapidly than the speed within the 
speed interval between that normally used with 
transmission driven machines and the highest 
obtainable with sectional drive. 

^^mfding the division of the power between 
the diTOrent parts of the paper machines there 
IS, unfortunately, less experience available 
transmission driven machines as in.general.no 
rimple means were available for determining 
this power distribution. As a rough approxima- 
llou we can say that the wire requires almut 
20 the wet presses about 25 fK, the drying 
rolls about 35 ^ and the calender and reeling 
ap^ratus about 20 fH of the total power. Latm 
variations are, however, found in different ma- 
diines. It should also be remembered that large 
differences occur in the power required for 
driving different arrangements of wet end, de¬ 
pending on the location and type of the suc¬ 
tion boxes.*) 

Finally, two systems for electric sectional drive 
arc conceivable. The first and most important 
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Is the Leonard system, i.e. the same system as 
used for driving with a main motor but employing 
separate D.C machines coupled to the Aflerent 
parts of the paper machine. The other is the 
direct A.C. drive, using commutator motors 
with speed regulation by brush shifting. In what 
follows we shall chiefly deal with the flrst 
mentioned system. 

In maintaining the speed constant on a section 
motor no great difficulties are experienced (see 
fig. 1). It is done in the same way as with the 
Leonard system, using a main motor. The section 
motor is furnished with a tachometer dynamo, 
the current from which traverses the coll of an 
automatic regulator, the contacts of which regulate 
the amount of resistance in the field of the 
exciter of the generator. Equilibrium obtains 
only when the voltage of the tachometer dynamo, 
and thus • the speed of the driving motor, is 
equal to that for which tlje machine Is adjusted. 
To enable the regulator to operate for different 
speeds it will be seen from the diagram that 
Its coll is connected in series with a rheostat 
which is operated at the same time as the field 
resistance of the generator. Thus the regulator 
always has the same voltage applied to its coil 
at. all speeds. 

Although it Is easy to obtain a constant speed 
for the first motor or for one motor it has been 
a very much more difficult problem to get correct 
relative speeds between the different parts of 
the paper machine. The necessary exactness- is 
liere of a very high order and departures from- 
the predetermined speeds must not be more 
than a small fraction of 1 >11, 


m 


The first experiments in Germany 
and America which were carried 
out about 1909 were failures be¬ 
cause this exact requirementregard- 
ing relative speecT was not appre¬ 
ciated. An attempt was simply 
made to supply machines running 
at speeds as constant as possible, 
and to this end provided with an 
exceedingly large number of studs 
on their shunt resistances so that 
speed could be adjusted by hand 
very closely. It was, however, found 
in practice to be quite hopeless to 
regulate the different motors to 
a certain constant speed. The un¬ 
avoidable departures from this 
speed were cumulative and at last 
a higher strain occurred than the 
paper was able to withstand 
without breaking. What we have 
to obtain is thus a regulation on 
the same relative angle between a 
certain radius in the different rollers, so that, 
for example, a departure from the correct speed 
durihg a given instant will be compensated in 
the next instant, not only by the regulator 
restoring the speed, but also first giving a small 
overalteration of the speed in the opposite 
direction. 

This problem would naturally be easy to 
solve if it were not for the shrinkage in the 
paper web. It would be a simple matter to syn¬ 
chronise the dififerent machines, for example by 
furnishing them with sliprings as on a rotary 
converter, and paralleling the motors on the 
^C. side. I^e shrinkage in the web of paper, 
from the wire to the end of the drying rolls, 
roaches however several pec cent and also varies 
for different classes of paper. It is, therefore, 
necessary to be able to adjust the dififerent 
motors for certain speed differences, A con¬ 
ceivable solution would naturally be to make 
use of the above mentioned synchronisation 
but to allow each motor to drive the respective 
part of the paper machine through an adjust¬ 
able belt running on conical puUeys. In this 
way, however, many of the advantages occuring 
from sectional drive disappear, and losses again 
occur in the transmission, 

The General Electric Company, however, as 
late as 1919 introduced a system closely re¬ 
sembling the above in principle. For each P.C. 
motor mere is a small synchronous motor hav¬ 
ing an output of about 20 ^ of the output of 
the 'D.C. machine and which is connected to 
the shaft of the D.C. motor with a Mt drive 
on conical pulleys.' All the synchronous motors 
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arc connected in parallel. If now one pact of 
the paper machine strivc.s to alter speedy this 
is made impos.siblc since all the synchronous 
motors run in parallel. It follows that the syn¬ 
chronous motor for the part in question takes 
over a proportion of the driving power which 
was before supplied by the D.C motor con¬ 
nected to it. (The assumption is naturally made 
that the alteration in power is not so great that 
the synchronous motor will be so overloaded 
as to drop out of step.) In this way we have 
at any rate secured an arrangement by which 
the belt drive does not transmit more than a 
part of the power. By hand regulation in the 
shunt itcld of the D.C motor it is clear also 
that the synchronous motor and belt drive can 
afterwards be unloaded, the D.C. motor being 
made to take over the whole output 
It need hardly be pointed-out that even this 
system is by no means perfect Belt drives for 
considerable powers still nmain while the syn¬ 
chronous motors increase the total cost of the 
imstallation materially. In addition, hand regula¬ 
tion must still be used to a great extent if the 


synchronous motors and belt drives are not to 
be- overloaded under certain conditions. 

It is clear that a solution correct in principle 
must ensure that the D.C. motofs have their 
correct speeds maintained directly. Such an idea 
was put fpmatd for the first tKne in 1912 by 
G. Stjernberg, .M.I.E,£., now bead of tJic Sales 
Department, in Asea, and at that .time manager 
of the English branch of the AEG. The AEG 
. had delivered an equipment for sectional drive 
of a paper, machine to an English firm, The 
Wall Paper Manufacturing Co., although the 
machines' were not furnished with any direct 
regulating arrangements but only finely divided 
field rheostats and partially compounded motors. 
The proposal of Stjembei^ led, however, to the 
provision of regulating arrangements for the most 
sensitive parts of the machine. (A patent for thi.s 
arrangement was later applied for and granted 
in 1913 By the AEG but was not kept in 
force probably due to the outbreak of the 
War, when most of the staff ll’ho had been 
concerned with the regulating arrangement in 
question left the firm.) The installation of the 
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Wall Paper Manufacturing Co. was demonstrated 
in England to a number of interested engineers 
and paper manufacturers and aroused consider¬ 
able attention. In 1914 the Harland Engineer¬ 
ing Co. applied for a patent for the same 
arrangement and, thanks to the situation In Eng¬ 
land at the time and the Imperfect circulation of 
information, they succeeded in their application. 

Not until after the War were equipments for 
paper machines with electric sectional drive taken 
up seriously in America and England, while in 
Europe generally Interest has only just been 
awakened. 

The arrangement with the .system referred to 
is In principle that of placing between the leading 
motor, i.e. the driving motor to which the 
tachometer dynamo for maintaining the absolute 
speed is attached, and the remaining motors, 
differential gears comprising three elements. 
The first element, the housing, is. driven ,from 
the regulating shaft driven frogi the leading motor. 


the second .dement is driven by a belt running* 
on' conical pulleys from the respective motor 
shafts (or gear shafts), and the third element is 
connected to the shunt rheostat of the respective 
motors. If the speeds of the three elements at 
the same time are called iij, nj and tig we get 
the equation 

n*—ii|~2 ni. 

The operating spindle for the shunt resistance 
can, evidently, not possibly spin round. Even 
a small movement amounting to a fraction of a 
turn alters the motor speed considerably and 
immediately. We thus obtain 

tig-'O, and Mg —2 iti. 

The two first, elements of the difterential gear 
must accordingly work synchronously. Even 
after any lengm of time it would be impossible 
for them to become, more than a fraction of a 
turn out of phase, as thereby the speed of-the 
motor , would be considerably alters. (As the 












foimuld .shows, one turn of (be second element for the shunt rheostats of the motors, which 
corresponds uniformly with two turns of the . has been found desirable to prevent huntinit, 
lirst.) The conical belt drive makes it possible, etc. Asea has divided the re.sistancc into twt> 
however, to vary the speed somewhat between parts. This will be seen from figs. 3 and 4. 1 he 
the various parts of the paper machine in a main portion of the resistance, or approximately 
manner corresponding to the shrinkage in the 75 can be .set by hand, and ts automatically 
paper. Hie motor .speed adjusts itself so that regulated at the siime time as the belt is shifted, 
the equation ii, is true for the differential The belt is shifted whenever an alteration in 
gear. It should, however, be noted that this motor speed is desired and at the .same time a 
belt drive does not transmit any considerable rough setting of the resistance can be obtained, 
amount of power. It has only to deal with the The actual automatic part of the resistance is 
friction los.sc.s in the differential gear. the smaller remaining section of about 25 


The design of regulating apparatus produced 
by Asea, the so-called shrinkage regulator, is 
shown in figs 2, 3 and 6. From the leading 
driving motor a regulating shaft runs the whole 
length of the machine, passing through the 
bases of all the shrinkage regulators. From the 
regulating shaft the rotation is transmitted through 
bevel gears to vertical shafts in the bases of the 
regulators connected to the housings of ihe re¬ 
spective differential gears. The conical pulley 
will be seen in the illustration. The losses in 
the differential gear only amount to from 5 to.lO 
watts, .so that the power to be transmitted 
through the belt is exceedingly small. Theoretic¬ 
ally, there is always a certain amount of slip 
in a belt drive when any power at all is trans- 
"dtted. The tight side of the belt runs on to 
the pulley somewhat thinner than the slack side 
and this difference is partly maintained as the 
belt pa.sses over the pulleys. As, however, the 
belting must pass each point of 
the drive in a unit time it is clear that the speed 

® j somewhat different 

and this difference changes with the load. The 
diameter of the belt pulleys has, however, been 

m peripheral stress is 

sufficiently small to enable us entirely to neglect 
the slip due to the belt stretch for the small 
^wer variations of 5 to 10 watts, which occur 
depending upon whether the losses in the dlf- 
21*' T from the regulating 

beit dXo^;" ‘he motor shaft. With a rommJS 
bei drive, transmitting a real amount of power 
It is in general not possible to prevent the’ 

inIcM di^Sr not occur 


motor speed is desired and at the same time a 
rough setting of the resistance can be obtained. 
The actual automatic part of the resistance is 
the smaller remaining section of about 25 
The shaft from the differential gear is connected 
to a small commutator between the segments of 
which the last resistance is coupled. The brushes 
are fixed. The differential gear thus functions in 
such a way that the commutator with the re¬ 
sistance appertaining to it turns through a small 
angle when a speed alteration occurs and thus 
corrects the incorrectnc.ss in speed. Normally 
the commutator makes small and hardly per¬ 
ceptible movements, the brushes Itcing in turn 
upon one or both of two adjacent segments. 
As nj —ii8~2 Hi constant, it follows that If 
’l"?’ commutator is stationary, Oj is 

absolutely constant. If the collector makes a 
movement through a small angle the cor- 


occurrlng were to tw'eVceeded“‘ro“'tr2oTra« ^ 

It should, perhaps, be noted that it is Hof i angle fp. in rcla- 

<" o-Jer u obtain » n,„|| macbloc). It |, ,L „( LpiSi 
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to make the construction suck that the motor 
reacts to the least possible displacement of 
the commutator in the sltrlnkage regulator. 
The commiftator is connected with the differ¬ 
ential gear through a hriction clutch which can 
slip for a long time without excessive heating. 
When the machine is started, which is most 
suitably done section by section, or when any 
section of the machine is stopped, the shaft from 
the differential gear to the rheostat rotates, and 
■as the movement of the commutator is limited 
and amounts only to something less than half 
a turn the apparatus would be smashed without 
this friction coupling. 

It is desirable that the motors should be 
compounded to give as far as possible constant 
speed between, no-load and fml load. When 
starting the machine a web of paper is first 
passed through the whole machine and this web 
is increased in width gradually until the full 
width of the machine is reached. When the 
suction boxeslit the wet end become fully covered 
there is a sudden increase in the power absorbed. 
If this increase, apart from the regulating arran¬ 
gement, gives rise to an inconsiderable speed 
variation the work of the reguLiting apparatus 
is simplified, the momentary speed changes are 
less, and the chances of breaking the paper are 
reduced. 

It is clear that the motors can suitably be 
supplied as geared motors of the modem type 
or coupled to the paper machine through up- 
to-date precision gears. 

Regarding the arrangements of the system 
further particulars can be gathered from figs. 1 
and- 4. The last figure shows the arrangement 
for starting. Starting is most suitable effected by 
push buttons from the front of the machine. In 
this case, a motor operated starter is used. 

. . When designing the resistance it must be 
remembered that approximately 2'/: times normal 
current may be required for starting. This occurs 
in general at a relatively low voltage correspond¬ 
ing to about half normal machine speed. Tt is, 
however, necessary that the resistance should be 
designed so that starting can also be effected at 
fqll voltage. If, for example, the paper web 
should break in the drying section it most be 
possible to disconnect this section to enable the 
broken part to be removed and a new start 
made without having to alter the quantity of 
stuff supplied to the wire. The wet end must, 
accordingly be kept running. This condition 
makes it necessary for a large amount of care 
to be taken in designing the resistance. With a 
normal start with relatively low voltage a large 
art of the resistance must be short circuited 
efore the paper machine ^ets away. If, how¬ 


ever, the machine is started with full voltage 
with the resistance short circuited, a risk is run 
of the motor’s either flashing over or burning 
out. Under such conditions we may obtain more 
than 5 times normal current. As the diagram in 
fig. 4 shows a safeguard against such incorrect 
operation is obtained by a type of interlock 
which makes it intpossible to close the main circuit 
breaker if a suitable proportion-of the resistance 
corresponding to the voltage is not in circuit*). 

There are also other arrangements br electrical 
sectional drive with speed regulation by means 
of differential gears. The Westingbouse Co. 
Imve brought out such an electrical system where 
the differential gear is composed of a small three- 
phase motor. If the rotor of this machine and 
also the stator is supplied with current of the 
same frequency the rotor naturally remains sta¬ 
tionary. If there is a discrepancy between the 
frequencies the rotor rotates at a speed corre¬ 
sponding to the difference between the speeds 
of the rotating fields in the rotor and stator. 
The Westingbouse Co. have since modified their 
system. Other firms have also used systems for 
electrical speed regulation. All these electrical 
systems are, however, mote complicated than the 
system employing simple mechanical differential 
gears. They are all likely to have originated as 
attempts to get round the patents on the me¬ 
chanical arrangement, in such quartets that have 
been ill informed as to the historical develop¬ 
ments of the mechanical system and the con¬ 
sequent weakness of the Hadand patent re¬ 
garding novelty. 

As we stateo at the commencement, the only 
possible rival to the sectional drive system witn 
D.C. motors is the A.C. drive with -variable 
speed commutator motors by which the primary> 
unit of the Leonard system can be‘’dispensed 
with. Such installations have already been de¬ 
signed. The only motor which can be con¬ 
sidered suitable for this arrangement is the 
Schrage motor constructed by Asea. This machine 
has shunt characteristics and the speed can be re¬ 
gulated in the ratio of 1 to 3 by bnisit displace¬ 
ment. By using a series resistance the speed can be- 
further reduced but the machine naturally assu¬ 
mes a series characteristic if this is done. 

The arrangement is otherwise similar in cha¬ 
racter to the D.C. system. Instead of the shrink¬ 
age regulator operating on the shunt resistance 
of the respective D.C. motors it works the brush 
shifting devices of the three-phase motors. 

Occasionally one hears it objected that the 
direct use of a three-phase supply introduces 
the disadvantage that the absolute speed varies 
with the frequency of the supply. This, how- 

*) Pjiltnt applkd fer by Atea. 




**** any more than It is with 
the D.C. system: The absolute speed of the 
leading driving motor can easily be kept by 
meaiu of a regulator. For example, a mechanical 
centnfugal governor can be used for this pur- 
pose. It is also possible to use a tachometer 
generator, electrical regulator and operating, 
motor for adjusting the brush rockers of the 
leading motor. Other means of similar character 
might also be used. There is, accordingly, no 
doubt that the sy.stem employing commutator 


motors Js techuieally quite satisfactory. The ques- 
non whether or not it will be of economic value 
must be investi^ted in each case, as the saving 
muc to the elimination of the primary unit may 
be outweighed by the more e^jepensive motors. 
, W 5 and 6 are illustratiohs of the plant 
delivered by Asea to Hallstavik, Sweden; The 
paper machine In question has a width of 5.u 
metres and working i$ arranged for a maximum 
*peed of 325 metres per minute. The number 
of motors is 9. 
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Duting tbe last ten 
yeacs the whole science 
of printing has under- 

1 'one very rapid deve- 
opment.^ A changeover 
froip uneconomical me¬ 
thods of wodcing with 
small slow running ma¬ 
chines to large fast tunn¬ 
ing machine units and 
better methods of print¬ 
ing has been going on 
fora much longer period. 

Development in this 
direction has reached a 
height which can be 
gauged from the mam¬ 
moth issues of modern 
newspapers, and the 
tasteful design of the 
latest books and Journals 
with their artistic illu¬ 
strations. 

One cause of this guick 
development whidr can¬ 
not be overlocked is the 
electrical method of driv-. 
ing, which has solved 
the power question for 
printing machinery in a most satisfactory manner. 
The advantages of the electric motor drive, over 
and above compactness, simplicity of operation, 
cleanliness, etc., include the possibility of very 
wide fnd even speed regulation and adaptability 
to meet the special requirements of printing 
Jtecbnology. 

I. GENERAL CONSIDERATIONS IN ELEC¬ 
TRICAL DRIVE OF PRINTING PRESSES. 

Different Types of Printing Presses, 

The most important machines in printing are 
the presses, For starting and regulating them 
spMial apparatus must be used. Auxiliary ma¬ 
chines siich as boring boxes, mangles, 
planing and type setting machines 
etc., can, however. In general be fur¬ 
nish^ with electrical equipment of 
ordinary standard pattern. Presses, 
as regards principle, can be roughly 
divided Into three classes, namely, 
flat bed presses, offset presses, and 
rotavy presses. The principle point 
about Hat bed juresses Is the arran¬ 
gement of the type on a flat bed, 
which by means of a horizontal 


reciprocating motion co¬ 
nies into sqrface contact 
with the sheet of paper 
to be priijited. The sheets 
are placed into position 
one at a time, either by 
hand or automatically, 
and ate tolled round a 
cylinder (the impression 
cylinder) under which 
the type runs. For every 
forwa^ and backward 
movement one side of 
the sheet is printed so 
that it must pass twied 
through the press before 
printing is completed 
unless the machine is 
of the "perfectof*’ type 
which prints both sides 
in one operation and is 
really equivalent to two 
ordinary presses since it 
possesses two cylinders 
and a bed upon which 
two sets of ty(M are fixed. 
The table below gives 
an idea of the power 
requirements, suitable 
horsepowers, speeds and regulation for some 
of these presses. 

Figs 1 and 2 show the general appearance 
of the up to date offset press which U of the 
rotary type haviim the matter from?which an 
imprint is taken med to a cylinder instead of 
a bed. As in tbe case of the flat bed presses 
it can be made to print both sides of a sheet 
in one operation but in as much as the sheet 
receives its imprint from a rubber blanket and 
not from the prepared type pbtes direct as ih 
the case of the ntst class of presses the work 
it produces is of an ^entirely different nature. 
Flat bed presses are chiefly used for the better 
class journals, illustrations, books, forms, etc., 


Table L 



Siw 

Max. 

ptthom 

Oulpul for 

Mpl«r 

RcguUlliMi 1 

SurHim 

Max. 

r.|x«v 

h.p. 

ndmaJ 

r.p.iii. 

Strtes 

Sbnnl 

2000 

510X820 

l«00 

3.oh.p. 

2.3 

3 

520 

33'/. g 

50 % 

4000 

550X900 

1500 

S.0 lb 

4.0 

4 

865 

45 % 

50 % 

5000 

720x1100 

1400 

5.5 » 

4.7 

s 

500 

33«/»% 

53V. *6 

5000 

720x1100 

J400 

6a » 

5.1 

6 

560 

33»V.» 

33 V.# 

9000 

1200x800 

1100 

8.2 » 

7a 

7 

600 

33'/.% 

50 % 

lOOOO 

lOOOxttOO- 

1000 

10.0 » 

7.8 

10 

510 

33 V. » 

33 V.# 






whilst the major use 
for offset presses is 
for colour posters, 
letterheads,boxes 
and the like. 

In rotary presses, 
the most known of 
which is the letter 
press type, although 
there are others such 
as photogravure em¬ 
bodying a special 
process, printing is 
effected by passing 
a web of paper be¬ 
tween two cylinders, 
one of which is called 
the impresion cylin¬ 
der and the other 
the pjate cylinder. 

It is on the latter 

that specially prepared cylindrical type plates 
arc fixed. The paper is unwound trom large 
reels and is first printed on one side by a first 
pair of cylinders and then on the other by 
a second pair. These presses arc chiefly used 
when it is necessary to obtain large numbers 
of copies, as for iiistance with newspapers, 
periodicals, etc. According to the size of the 
paper, 8, 10, or more paces arc printed at the 
same time. The paper web is cut and the paper 
folded so that It comes out In finished condition. 
These presses are made in all sizes, and are 
classed according to the number of paper reek 
(or printing units or decks) which can be brought 
into simultaneous use as a maximum. In the 
case of large presses it is usual to build them 
in two sections with the folding mechanism of 
each adjacent each other in the centre and the 
paper reels at the two ends. Sucji a double 
machine can then be run cither half at a time 
or both halves together, and is called a twin 
or double ended press. Such combinations can 
be developed to include three, four, or more 
presses. Fig. 3 shows a double ended press of 


No. 


Tn- 


Ih^rii 
(in) 


No. of 
mill of 
paper 


Tnble 


2. Offset piets. 

laige size. The size of the motor k in general 
determined by the press manufacturers but the 
homepower given often varies considerably with 
similar sizes of press, and with conditions and 
diiterent classes of work. Experience shows that 
the most Mtkfactory drive is obtained with 
maclrines of ample power. In table II is shown 
a collection of press data, speeds and mo'tor 
* presses, the motors of 

which under all working conditions have been 
found to meet all requirements. 

The presses lake in general considerably more 
power when they are new. When the gears and 
bearings are run in, the friction decreases con¬ 
siderably (as much as 30 Even under nor¬ 
mal working conditions the power required may 
vary considerably. Cold bearings increase the 
necessary starting torque, while the, quality oT 
lubricating oil, impression between cylinders, 
e/c., react considerably upon the power require¬ 
ments. The torque required for starting is from 
2 to 3 times as great as that required when 
the press is brought up to a fair speed. At no 
load, /.«., without paper and type plates,' only 
//. 


MAXioMim 
no papm 
prinicd ptr 


Sp^ of pcintJnji rolUrf 


M«k. 


Creep* 

log 


Adjosl- 

Ing 


Main 


Aoxiliary Motor 


Normal spccii 
r.p.«. 


Maip • lAu^xIHary 


Single 

n 

n 

Double 

» 


0.7S 

l!so 

1.20 

0.71 

IJO 

0.S0 

6,7f 


3 
2 

4 

2x2-4 

2x2-4 

2x2-4 

2X2-4 


12000 

lOOOb 

9000 

30000 

24000 

24000 

24000 


2 (;o 

167 

150 

250 

200 

217 

260 


10 

lb 

$ 

5 
8 

6 
5 


20/1 

16.7/1 

18.^1 

50/1 

25/1 

Wt 

40/1 


1 each 36 b.p. 
i » 40 » 


40 » 
30 » 
36 » 
30 » 
24 » 


2 each 3 h.p. 
2 » 3 » 

2 » 5 » 

2 » 3 * 


420 

375 

420 

450 

970 

45() 

850 


1400 

1400 

1400 

1400 






























Fiji. 5. Doable loloff pitss» 


about one half the torque is required as when 
the press is in full working order. 

To give an idea of the variations in power, 
torque, and length of run which occur during 
ordinary printing, a series of measurements have 
been taken and ate given below (see tables III 
and IV). 


, DurinTg a printing process lasting six hours the 
press was darted up to the running position (I) 
approximately 200 times (for fixing the cylindrical 
type plates and threading through the paper web) 
and up to normal speed about 10 times. 

Printing presses require speed regulation within 
very wide limits. For every press, it should be 
noted, that a distinction can be made between 
two dcfiiiife speed ranges. The lower range is 
required for the preliminary work i.e., putting 
on the plates, blanketing the impression cylin- 

* VlT^***'*'*®. '^'“oving the inking rollers, 
rtc. This s|wed should not be greater than will 

orefullv followed. For flatbed presses this co* 
re.sponds to from 7 to 8 copies a minute, while 

6 m Sr r.’!*** A®"'** ^ obtain 

emuiir* u very 

The hfS '^"own as inching. 

ihe higher speed range is used during actual 


printing. Here regulation within particularly 
wide limits is desirable as the type of work, 
the quality of paper and the skill of the operators 
may vary considerably. The demands which arc 
made as regards quality of printing also play 
an Important part. The slower the’" printing 
takes place, the better it will be although the 
cost will increase. 


Tttbk III 


Readings taken on press No. 4, Tabic 2. Half press. 


Motor 

Con. 

trollW 

position 

R.p.in. 

kW 

from 

wpaiy 

Rewarlu 

prtss 

motor 

1 

0 

0. 

0 

3.«oo 

At start 

6 

1 


1350 

O-MS 

Continuous At no IoaiI 

t 

i 


1300 

0.970 

C.ootimutus At roil loAil 

1 

2 

7.J 

1300 

0.»m 


K 

9 

3 

8j 

14QP 

].«20 

V 


4 

8.5 

1400 

lXK» 

* 


5 

6U 

430 

13.200 


u 

6 

67j0 

470 

14.1 


Q 

o 

7 

72x) 

500 

14.5 

u 

6 

8 

76.0 

530 

1441 

V 

.6 

9 

8I.S 

570 

15.2 

IP 

fi 

X 

10 

87X1 

610 

15.5 



11 

9Sj> 

660 

154 



^ 12 

lOOo 

700 

16.2 

» 
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Table IK 

Readings taken on press No. 7, Able 2. Half press 


kW 

, , frant 

prMt I motor | mpply 


At tiorl 
1300 04tO CoaliBoaui 
1300 » . 

1420 »• , 

1420 » 

1420 » . 




700 
710 
720 
740 
750 
760 
770 

780 10.2 

790 10.2 , 

790 10.2 , 

10.2 » 

805 10.2 • 

810 10.2 » 

10.2 » 

10.2 » 

850 104 Noraul tpwd 

890 llX) SIwM ttctilaikia 
920 11.5 

955 11.9 

1010 12.5 

1050 13.7 

1100 14.1 

1160 14.6 

1240 15.S 

1280 16.7 


The qualities demanded by printers of the 
electrical equipment arc: 

1) The possibility of obtaining speed low 
enough to etiable preliminary work to be carried 
out easily. 

2) Ability to inch the press. 

3) A large range of regulation at the higher 
speeds. 

4) The equipment must be reliable and fool¬ 
proof, i.e., the apparatus must be simple to 
operate even by unskilled and careless attendants 
without possibility of mistake or danger to the 
equipment. 

The meeting of these requirements is chiefly 
a question of cost. It should never be forgotten 
that accessability is for printing press equipments 



stallations as the time of going to press is always 
delayed as fir as possible to allow indusion 

d 

break down, even for a very dtort time, great 
dissatisfaction Is caused among readers of the 
paper, while capital is always made by com¬ 
petitive papers if an edition is late in coming out. 


* 

' v’ -I 

Ir' 



































ASEA-TOURNAL 



Lastly the case ofsinglc phase supply 
occuis Mcasionally. Regulation in this 
case is best obtained with a motor ge¬ 
nerator for single phase D.G and Ward- 
Leonard regidation for the printing 
press motor. 

Asea furnishes equipments on the 
following systems for different supplies: 

For D.Q. as under (1), (2), and (3) 
above, and for three-phase the systems 
mentioned from (1) to (4). 

A more exact description of Ihe 
various Asea equipments is given later 
on in this article. 


Fig. PMsh Iwiion bojc. 

Different methods of obtaining good 
relation. 

In selecting an electric equipment the kind of 
supply available plays a very important part. 
Attention must also be paici to size of press 
and the kind of printing to be carried out. 

For D.C a number of different systems have 
been developed, among which may be mentioned 
the following: 

1) Series and shunt regulation 
by resistance. 

2) Two motor equipment, a 
smali motor for low speed, and a 
large motor for high speeds. This 
system is usually known as main 
and auxiliary motor regulation. 

3) Single motor equipment with 
shunted armature regulation for 
low Sneed and series and shunt 
regulanon for higher speeds. 

4) A series and shunt motor 
pn the same shaft. 

5) Ward-Leonard equipment 
with speed regulation by variation 
of generator voltage. 

For three-phase A.C. the fol¬ 
lowing are used: 

1) Single induction motor with 
resistance regulation. 

2) Single commutator motor 
with speed regulation hy brush 
displacement. 

3) Main and auxiliary motor re¬ 
gulation with a small induction 
motor for low speeds, an induction 
motor with regnlatiirg resistance 
as under (1) being used for higher 
speeds. 

4) Main and auxiliary motor 
regubtion with an induction motor 
for low speeds and a commutator 
motor for higher speeds. 


Braking. 

It is very important to be able to stop the 
press quickly. When the paper breaks or if an 
error is found in the printing etc., the press 
must be quickly brought to rest and the 4amage 
is less the shorter the time required for this. 
Braking can be effected either by friction or 
on the electro-dynamic system. The last can 
only be made use of in the case of D.C. In a 



Fig* 7. MadiiiM pll. 
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number o£ cases 
braking arran¬ 
gements are en¬ 
tirely dispensed 
with as it has 
been considered 
they ate not call¬ 
ed for by the 
requirements. 
The simplest 
and most com¬ 
mon friction 
brake is made 
up of a wooden 
brake block act¬ 
ing upon an iron 
brake drum. The 
brake shoe Is 
held on by a 
weight or better 
by a spring and 
is released ..*y 
solenoid. When 
the motor is 



the inertia of 
the pr^. This 
form of brake 
entails ho special 
arrangements on 
the press and 
thebrakingellect 
is obtained with¬ 
out the wear of 
brakeblocksand 
drum occurring 
in the case of the 
friction brake. 

Operation. 

For printing 
presses push 
buttonoperation 
has been most 
extensively used. 
The reason for 
this is that the 
printer can de¬ 
vote the whole 


started the brake 
inagnet coil is 
energLsedand re¬ 
leases the brake. 
When stopping 
thebrakeniagnet 
circuit is inter¬ 
rupted and the 
brake is applied. 
The brake sole¬ 
noid mustalways 
be operafed by 


FilT* 8» Kdary prets with motors sup|Nirftd al Ihr shies* 


of bis attention 
to the actual 
printing. By the 
simple operation 
of a button be 
can completely 
control thepress, 
and can alter 
and adjust the 
speed quickly 
and easily from 
any suitable po- 


a separate relay. In the case of O.C. solenoids sition. The tendency, in all countries is to 
an economy resistance is also used, i.e., when change over equipments to push, button opera^ 
the solenoid lifts it opens a switch mounted on tion even for relatively small presses^ 
the cover which introduces a resistance in series There are in general two systems in use: 


the cover which introduces a resistance in series 
with the operating coil. By this means the current 
is reduced and it is made possible to operate 
the solenoids continually. A.C. brake magnets 


There are in general two systems in use: 

1) Semi-automatic push button operation. 

2) Full automatic push button operation. 
The semi-automatic system employs push 


do not require such a redstance as they may button operation only for the lower speed range, 
be continuously connected to the supply without For control within the higher speed range manual 
damage. For these last, however, it is particularly operation is used. Three push buttons are required 
important that when closing the moving core In this case. These consist of "start”, "stop” 
should he so connected to the brake that it may and "inch" or "run" buttons, 
come into direct contact with the fixed part of The "inch" button is used when the press 
the core. In the case of every A.C. brake magnet is to be operated at a low speed. The machine 
this point must be carefully observed otherwise runs as long as the button is kept pressed 
the coll will become too hot and the winding and comes to rest as soon as it is rueased. 


will be destroyed. 


This simplifies and accelerates preliminary work 


Electro-dynamic braking is very effective and and reduces waste of paper. When ^tbe ;pre- 
can be made fully automatic. 'As soon as the paratory work is completed the ’ start button 
current is broken a resistance is connected across is pressed when the machine runs at its lowest 
the armature and the printing press motor runs speed. Thereafter the printer can at will adjust 
as a generator on it, obtaining its power* from the speed to any desired value by operating 
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{L- ._and also for all 

j |*^ols n* othermachines 

- jj . where require- 

I 11 ^fc W33>y ments of space 

makcitdifncuU 

pJ^Cp*^! to arrange the 

I |I L- 1 ■ ■ j l regulating ap- 

___, paratus close 

•raSt--1 =n up to the press, 

the full auto- 
matic system is 
employed, rive 
push buttons 

■ ^ ^e!^sS Thwc ^ cqtiliMntnt. 

— I :i^//a>eA consist of •’start**, ’’stop”, "inch**, and "raise** 
—' --vmvvvv ^ ^ ir^lli fir Tfnrf "lower** buttons. The first three buttons 

shma winding have the same functions as in the case of the 

eunMot ^ AuKmuy moior | semi-automatic system just described. The add!- 

L...I tional "raise** and "lower" buttons are used 

smMUoMng ^ stj—winding oikv^^buiions when the press is ready for normal running. 

cannn<iwi nwn As soon as the printer has set the press in 

FJa.s. otnamm of hr tyd gnuM wiih nMn uni motlon at the lowcst Speed and found that 

, everything is in order he increases the speed 

the regulating apparatus by hand. At any time of the machine by pressing the "raise" button, 

the machine can be stopped by pressing the The speed of the press then increases' as long 

"stop" button. A number of similar sets of push as the button is depressed. If the speed for any 

- becomes 

too high it can 




SAuni y 

Alffiolor ^ Auxttiwy mt>tcr Cit t$ 

SAunttlndniflg » Shunt minding —* 

Huvudmotof ^ MtiAi motof L.... J 

SfMiodning » SntJds winding 

Olfrcr Ung tHdmns 
conndcind hwn 

Ftg» OUgnm of ^onoecHoiit for eqiri{Miieiil with maiii and 
avxilijry moton. 




Pi||» 10. drar /or Mmi*aiito«ialic equlpmtnt* 


buttons are ar¬ 
ranged at suit¬ 
able positions on 
and near the 
press. This sy¬ 
stem is provided 
«in addition with 
overload and 
novolt relays 
and Interlocking 
gear so that a 
new start cannot 
be made until 
the regulating 
apparatus has 
been returned to 
the starting po- 
sitionand in this 
way the motor is 
effectively pro¬ 
tected against' 
carelessness and 
inexperience. 

Tbesemi-auto- 
matic system is 
chiefly used for 
flat bed presses 



n*. 11. SwitdhCASO for ilovUr prott sho>vii in 12. 


be decreased by 
pres|ing the 
"lower" button. 

■ The speed then 
decreases aslong 
as this button is 
depressed. 

The presses 
can be equipped 
withseveralpush 
button stations, 
from any of 
which operation 
can be effected 
equally well. 
Also to gua^ 
against accidents 
a suitable inter¬ 
locking system 
is employed. 

: , Here a distinc¬ 
tion can be made 
between the use 
of a key and a 
push button for 
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Hb. U. Twin e«»tn>ll*r •icc'ltd »» *M« 


ntaking safe. In ihc former case, one key only 
is provided which is in ihc possession of a 
responsible machine man. It is then 
possible to run the motor when the key has 
been insetted and the interlocking arrangement 
released. The most common arrangement is, 
however, to arrange the interlocking In con¬ 
junction with the ’’stop*' button. If the stop 
button is depressed it remains In this position 
and makes the whole system safe. The motor 
cannot then be started from any other position. 
It is first necessary to release the Interlocking 
by withdrawing the '•stop” button before a new 
sUrt can be made. The latter system is to be 
regarded more as a warning and leads to careful 
working. The former system gives greater security, 
as long as one key only is used, but In many 
cases it may give rise to considerable waste ot 
time. In general interlocking by means , of a 
stop button is fully sufficient as long as the 
personnel are trained and careful. ^ 

Lastly a requirement in the case of double 
presses Is that when running in parallel It must 


be possible to operate the whole as a single 
press. It must, therefore, be possible to operate 
the whole double press from either sef of pus^ 
button stations. • 

The full and semi automatic operating systems 
can be used for any kind of printing press, 
irrespective of the kind of supply available. 



Kifi. 13« Posh bolloft tialion. 

























F(g. 14. SwCIcbeAte for full antomalJc tqiiipiiienl. 


IL ELECTRIC EQUIPMENTS FOR PRINT* 
INC PRESSES USING D.C. 


Series end Shunt Reguletion by Resisience. 
"For small presses and in particular for flat 
bed presses motors with series and shunt rcRU* 



15. Motor oprratod controller. 

lation are chiefly used. Here a speed regulation 
or about 4:1 is satisfactory. The lowest speed 
is us^ when the press is being prepared for 
working. The motor is selected with a normal 
speed corresponding to the normal running 
speed of the press or somewhat below this 
tegulatiou is .used to give a speed 
50^ above this value as a maximum. Although 
in general we obtain by this method a motor 
somewhat larger than might be used if the 
machine were designed with a speed corres¬ 


ponding to the maximum speed 
of the press, there is usually a 
considerable saving by the reduc¬ 
tion of losses in the aeries resist¬ 
ance so that the press can be run 
at* lower cost. 

The equipment is on the semi¬ 
automatic system. Only in cases 
when, the electrical apparatus can¬ 
not be placed close to the press 
is a full automatic equipment em¬ 
ployed. Fig. 4 shows the connec¬ 
tion diagram of a semi-automatic 
electric equipment. - 
The series and shunt resistance 
3 and 4 are adjusted by the fo- 
gulatiitg panel 5. The contactor 
(relay switch) 1 is operated elec¬ 
trically from push buttons 7,8 and 
9, but also functions whim the 
regulator arm passes contacts 6. 
If, for example, buttcAi 7 is pressed 
the contactor coil is traversed by 
* *t*wnt and closes contactor 1. As soon as 
the button is released the operating current is 
Moken and the contactor opens. If 8 is pressed 
the^ coil of this contactor is traversed by a 
current and the contactor- closed. Contactor 1 
in this case remains closed until the stop button 
9 Is pressed. The overload relay 2 short circuits 
the operating coil for contactor 1 as soon as 









an 'Overload 
occurs theftby 
interrupting 
the ihdin cur* 
rent" H the 
pressure £ails 
contactor 1 
opens of its 
own accord. In 
both cases the 
contact arm of 
the controller 
5 is returned 
to the zero po- 
^sitlon before 
the operating 
coil can be 
made to close 
the contactor 
na. 17. AM»»r«tai tor KRUlitton with *>>«"«-* again. Fig. 5 
• J switch 

case for apparatus operating on this system 
and Bg. 6 a push button box. rbe numbers 
mentioned above correspond with the numbers 
on the diagram. 

Two Motor Equipment 
(a. Scml auiomatlc System). 

In the system described in the foregoing Ae 
maximum amount of speed regulation obtainable 
is in the ratio of 10 to 1. As, however, in 



the regidator 6 is In the zero position. This Is 
ensured by contacts 8,* 9 aiid lO oh.the-m^U* 
lator panel! When the starting button 11 is 
pressed contactor 1 closes and the auxiliaW 
motor starts. When it Is running about 60 
of 'normal speed contactor 7 automatically Closes 
and the auxiliary motor runs up to full speed. 
As soon as die button is released, contactor i 
opens and the motor stops. If the’’start” button 
12 Is pressed the auxiliary motor runs even If 
this button is released, if the ’’stop” button 12 
is pressed the auxiliary contactor 1 opens and 
the motor stops. In any case the machine 
slops as soon as button 13 Is pressed. To obtain 
a higher speed the handle is turned, by which 
the series and shunt resistances respectively 

are regulated. , , 

Fig. 10 shows the switchcasc for. such an 
e^^uipment. The regulating rheostat can also be 
disconnected through a controller. Figs U and 
12 show a semi automatic equipment for a double 
rotary press. The figures correspond to the re¬ 
spective numbers on the diagram. 


(b. Full Automatic System). 

The auxiliary motor and main motor regula¬ 
tion can also be effected fully automatically. 
On the press Is placed in this case a push 
button station the appearance of which is shown 
in fig. 13. The five push buttons are marked 
.’’inch”, ’’start”, ’increase”, ’’decrease” and ’’stop . 

under (a; except that the pu^ buttons are 
increased to five, two new push buttefas thus 
beiuz used fot llic remote control of thc reguletiDg 
panel. It would take up too much ‘space to 


speco IS «truui 4.^v —o -sr - 

preliminary work from 6 to 10 r.p.m. ®*h“ 
methods must be used to obtain a suitable 
regulation at such a low speed. For this appa¬ 
ratus Asea uses a small motor, the auxiliai^ 
motor, which by means of a low gearing in the 
neighbourhood of 24 to 1 be 
made to rotate the main shaft of 
the machine. The gear is connected 
to an overrunning clutch, #s 
long as the auxiliary motor Is 
running on a higher speed than 
the main motor both machines are 
connected together, but as soon 
as the main motor shaft runs faster 
this coupling is released. Fig. 7 
shows the machine pit of a printing 
press equipped in this roanne^ 

Fig. 8 shows the motor carried 
on brackets at the side of the 
press. Fig. 9 shows the connection 
diagram for a two motor equip¬ 
ment. The auxiliary motor is ope¬ 
rated through the push buttons 
11, 12, and 13, but it can only 
be started as long as the arm or «f. 



^ \U illl^ 

' I' ..IlidL- 




F«U «utoiulic tvtrmtM to* itomted <I«mII wgaUUw. 











describe the conuectiODS in defsil jis they sre eliini>Mted> There is, however, the disadvantage 
exceedingly complicated. thet a. considerable amount oif power is lost in 

The apparatus is shown in fig. 14 which is the resistance since equipment requires when 
an illustration of the switchcase for a 100 h.p. running at the creeping speed approj^imately the 
printing press. The switchcase contains all the same amount of power as when running normally, 
apparatus necessary for the protection and operat' The two motor,equipment, howqyer, only con¬ 
ing of the equipment All operation is carried out sumes an amount ol energy corresponding to that 
from the push button board. Both inching and required by the auxiliary motor and in general this 
speed regulating is efihxted. by electric remote only represents a fraction of the normal amount 
control. Series regulation is effected indirectly (Compare table III)T Which of these two methods 
through contactors while the shunt regulation offers the greatest advantages is thus only a. 
is worked directly from the board.' question of calculation. The system just descrioed 

. . ... . chiefly comes in question for presses which arc 

Single motor equipment mth shunted arwaftire only used comparatively Infrequently (when 
for creeping speed and series and shunt printing once or twice a week only). Fig. 17 
Kgttlatfon for higher speeds. shows an equipment of thU pattern. This type 

Fig. 16 shows diagram of connections for is also made semi-automatic, the electrical equip- 
this equipment. The series and shunt rheostat mcnt being in such a case as shown by fig. 18. 
ace regulated on the panel 3 in the usual way 

and are used for adjusting the press to the Uh A.C. EQUIPMENT, 

normal speed. The creeping , speed is obtab^ed As a supply D.C. is greatly superior to A.C. 
by connecting the resistance in parallel with both with regard to possibilities #>f regulation 
the armature circuit This connection is effected and also cost of apparatus. Accordingly when 
by the contactors 1, 6 and 7, which have push it is possible to make a choice, D.C. should 
hutton operation. On pressing the inch button always be used. Induction motors are wholly 
contactor 1 is enetgised and thence closed, con- unsatisfactory as regards regulation and also 
necting in turn the energising coil of 7. Con- with respect to losses when speed regulation 
taetor 7 short circuits a part of the armature is introduced. While a D.C. motor could be 
series resistance so that a high starting torque regulated without difficulty within limits of 7.5 
is obttined, making the starting of the press to 1, if an induction motor 1$ used it is necessary 
quite certain. Contactor 7 causes the contactor, to be content with a regulation of 2.s to 1; It 
6 at the side to be connected In circuit and is, accoidin^y,. only with very small machines 
this closes across the armature. This contactor such as fiat oed presses that a simple motor 
is adjusted to close when the speed, and accord- drive in accordance with .(1) could be used, 
ingly the armature voltage, has reached the The standard system is the double motor drive 
proper «value for the desired creeping speed, with auxiliary motor and main motbr. The 
When, the creeping speed has been reached the machines are mechanically connected in the 
resistance 8 is thus connected in parallel with same way as previously described. The electrical 
the armatum. This resistance is so calculated connections do not give rise to any greater 
that the motor runs in a stable manner, giving difficulties. If push button operation is to be 
sufficient torque for the press. It 
is possible, without using too large 
a parallel resistance, and thus getting 
too high losses, to run as low as 
about 10 ^ o{ the normal speed 
of the motor. If the motor Is chosen 
with the object of obtaining about 
300 ^ shunt regulation it will be 
seen by a glance at table II that 
by this method we are able to give 
a very large amount of regulation 
(about 30 to 1). 

In comparison with the two motor 
equipment previously described we 
have the advantage that this equip¬ 
ment is considerably cheaper in first 
cost, as. the auxiliary motor with 

gearing and overrunning clutch is -w, prinunK p««» m«tor. 
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honia^tOf »■ 3 ppf^ eootnetor, .= CorHtoi whwt. 

Rtof^nastttotstAfut ^ n9^At/agjeitalMoc9, {n$tlifintng ^ tocft. 

Shut ^ SiOPf> « Slop, 

20. Commiitalor imiUir equipment for printing pent. 

used a division must be made .between semi< 
and fully automatic working. Both systems are 
in use. In this case, push button operated A.C. 
contactors are used in the primary connections 
of the motors. The auxiliary motor is provided 
with a permanent slip resistance, adjustable to 
give from 20 to 30 ^ slip, and the main motor 
with a rheostat regulator covering 40 to 100 ^ 
ofthe normal speed. With semi automatic tvorking 


the resistance of the main 
motor is operated by hand, 
while for fiiUy automatic 
working a remote operated 
controlUr and contactors 
are used. 

As regards speed regit* 
lation a particularly good 
method with tbree>phase 
is to employ commutator 
motors. The speed is re* 
gulated by altering the 
position of the brushes 
and when making preli¬ 
minary adjustments a re¬ 
sistance is used. In this 
way the speed of a motor 
can be adjusted in the ratio 
of 7.S to 1, If such an 
arrangement is provided 
in addition with an auxili¬ 
ary motor an equipment 
is obtained which is quite 
comparable with the D.C. equipment. Fig. 20 
shows a printing press drive on the semi-auto¬ 
matic system with commutator motor. The 
speed, when making preliminary adjustments, 
is adjusted from a push button box with three 
push buttons, the normal speed being adjusted 
by a handwheel. By a special coupling in the 
operating pillar, the required movement both 
for regulating the rheostat and also for moving 
the brushes is obtaiised by a single movement 
of the handwheel. This system of operation 
also lends itself to fully automatic working, 
the regulation being in principle tite same 
as for hand operation, but the manual drive 
is replaced by a small operating motor worked 
from a five-button push button station.. Fig. 
15 shows this operating mechanism, and fig, 
19 indicates a motor equipment mounted 
complete upon a common bedplate. 

i 

Equipments mth singh-phase and three-phase 
with Ward-Leonard connection. 

With an A.C. supply and particularly in 
the case of single-phase it has been found 
an advantage to construct the electrical equip¬ 
ment bn tisc Ward-Leonard system. By this means 
we obtain particuUrly good regulating possibilities 
for the speed of the press. The main connec¬ 
tions for such an equipment are shown in the 
diagram, fig. 21. This diagram shows how the 
single-phase motor is made to act at the same 
time as a three-phase generator, the third phase 
of the winding being made use of for a three- 
phase supply. This current can then be used 
for running the three-phase auxiliary motors 
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CtodriWM CouAhtf Cl0€kwlso 


* • rf»«tin8 |»rcj« motor. 19 Wieoiuuclto^ swltdi 1^ resislaiicf. II Ami Nary 

fAi^£t‘£r“ r-- '“-/«»•<' 

•ype with sunclard pattern sUrte« **‘”* P'*“* (“^ked 7). th?mafn contectwS ,nd Ae t't 

rtn the diagram) whfch'l' **'’j'‘**®^ (marked 1 The speed^ for *«m**automatic system 

l*h«e motol a D r^ ** “P « *fogfo- iftSlS P^UmUjary adJustoenS 

rtMstancc {$ barked t j P'^wary starting re«ulater 7 ir'.i? j ** wgMiated by the field 
•'dditicin to L ,K«, ? *»««« 4. In Tk. t *•** ®w*inary way. “ 

The r> r' *®ove, standard fosc aear is ii«*rl brake ts automaticallv annliorl . .i 
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brake magnet to 9. The brake contactor 9 con¬ 
nects the brake resistance in ^he armature cir¬ 
cuit so that a current traverses the resistance 
and applies the brake to the machine. As long 
as the press remains running the braking cur¬ 
rent is maintained at a high va|jue and.contactor 
9 is kept closed. As soon as the press comes to 
rest. 9 is released and the brake is taken off. 

The equipments which ^ave been described 
above are representative of the most important 
general types and may be considered to meet 
all the requirements which exist at present. With 
these types we are in position to supply elec¬ 
tric drives for all type^ of printing presses and 
to ensure that the arrangement wiU be the best 
and most practical. 

During the last few years Asea has manu¬ 
factured a number of electrical printing press 


equipments in accordance with the principles 
we have described. In carrying out this work 
we have been in the closest co-operation with 
the printing trades and have obtained full in¬ 
information as to their points of view and 
requirements, and we are fully acquainted with 
the demands exacted by printers. 

We have striven throughout to provide the 
simplest possible machinery in every case, bearing 
standardisation in mind and to give our equip¬ 
ments that simplicity of operation and quality 
of regulation which is most desired. As, however, 
cases often occur where special arrangements 
have to be designed and put forward, we would 
remind our readers that every new equipment 
is always given the most careful consideration 
and we can guarantee that the machinery sup¬ 
plied will run satisfactorily. 



Flf|. 22. Dlred carrrat motor equipment conibtiiiK of |4lok molor« mnio mo(or> 
wocmgMr Olid ovcmmnlnK dnldi, drhhiji the press sbown 
on the front page of this bstie. 
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ASEA PLANT IN PALESTINE. 



HR. I* Jalcrior of ftowcr sCoHon. 

In the ^rt of 1924 and at the begin* The place where the Works arc built was 
ning of t925| Asea obtained orders from the formerly desert* No rain falls here from the 
Portland Cement Company (Nesher) Haifa, middle of April until the middle of October 
ralestiite, covering a large equipment including when the rain season commences, whefi there Is 
turbo generators and switch gear for a power a long period of thunderstorms and tropical rain. 

motors for cement works. During the hot weather the temperature reaches 
I® situated at Nesher In a place 50^C in the shade. The works in.question represent 
about five miles from the town of Haifa be- one of the foremost industries in Palestine, and 
tween the Mediteiranean and Mount Carmel, employ about 160 men, the‘maximum output 
from which latter place the raw material is trans- being 240 tons of cement .per days this quan* 
ported to the cement mills over a telfcr line, tity Delng entirely absorbed .within the country. 



2. Atta motor driviog mill aod convefor. Fig. J. unit for supplying wofor to ihe mill. , 
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|. 4. 120li.p. motor and Ktartcr. Dblribulton board In IIm harkuround. 

The power statiou is equipped with two Stal 
.rbo-gencratots of 1,200/1,667 and 667/933 kVA 
spcctively at 3,000r.p.m., 400 volts, power (actor 
7}, Y'Connected, SO periods. In addition to 
lesc machines, a three-phase generator o( type 
i 17, jS kVA, 400 volts, 375 c.p.m., 50 periods, 
'as supplied ^mewhat cariicr, and this machine 
. driven by a Diesel engine, being used for 
ghting purposes on days when the other 
Mchinery is not running. 

The switchboard is of the self-supporting, all 



ng. S. Vieir et lit* mill. 

Steel pattern, comprising ten panels, (our gene¬ 
rator panels being placed in the centre. Of these 
panels one is at present blank, and has been 
included in case need * 
should arise in the fu¬ 
ture (or an additional 
turbo-generator siit; 

The oil sNritches, 
current and pressure 
transformers, fuses and 
switches for the out¬ 



going motor feeders arc erected on a framework in 
the rear of the board, and of the six distribution 
panels one is arranged for lighting, and the 
remainder feeder cables are run to 10 distribu¬ 
tion boards of type GS and GSM located in 
different parts of the works. 

The cement mill is fully electrified, and the 
rotating roasting ovens, ball mills, cement mills 
and drying ovens, ate all run by Asea motors. 
In addition, motors have been supplied for run¬ 
ning the belt transporter, workshop, bboratory 
and cask factory, also (or the pumps in the 
boiler-house and pump station. All motors are 



A. Am 4w<l entken wUb luilivt labourtn. 

specially insulated for use in tropical climate, 
and are wound for 380 volts, 50 periods, the 
sizes ranging from 2 to 120 h.p. Altogether 
about 50 motors, having a total output of 
1,200 h.p. have been delivered. 

The motors are all provided with special bear¬ 
ing packings to keep out cement dust, and the 
winefings are coated with a special varnish to 
which cement dust does not adhere. 

The whole of the erecting work on the turbo¬ 
generator and electrical equipment hqs been 
carried out by erectors sent by Asea and Sta^ 
with the help of native labour. 

The customers have expressed entire satis¬ 

faction with the quality of all the material sup¬ 
plied and with the manner in which the work 

has been carried out, 

! and it is hoped that 

' this first large plant 

for Palestine will con¬ 
stitute a good adver¬ 
tisement for Asea and 
for Swedish manufac¬ 
turers in general. 





nR. 7. 
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MINING HOIST AT GRANGESBERG, SWEDEN. 


The illustration 
at the side shows 
the motor gene> 
rator set tor a 
large mine hoist¬ 
ing gear supplied 
ill 1924 to the 
GraimesbeigCo., 
for me Mullers 
it at Granges- 
erg, and con¬ 
sists of a self- 
starting syn¬ 
chronous motor 
Type G H9, 

1,200kVA, 3,300 
volts, 50 periods, 

60 r.p.m., cos 
0.7, mounted 
on the same bed¬ 
plate and direct coupled to, a separately excited 
D.C. generator Type K 22, 750 kW. 5,500 volts, 
and an exciter Type K 13, 51 kW, 240 volts. 
The synchronous motor runs at present on a 60 

E eviod, 4,000 volts supply at a speed of 720 r,p.m. 

ut is designed for use in the near future on a SO 
period, 3,300 volts clKuit. The D.C. generator 
is connected on the Ward-Leonard system to 
two series-connected winding motors, each direct 
coupled, to each half of the drum, and each having 
a normal output of 375 kW at 275 volts, or when 
connected in secies, 750 kW at 550 volts. Rg, 2 
shows the winding gear, with one of the winmng 
motor# and drums, and the control platform. 
With a generator voltage of 550, the winding mo¬ 
tors cua*at a speed of 40 r.p.m., corresponding to 


a rope speed of 
approximately 
8 m/sec. The 
winder which 
has a capacity of 
approximately 7 
tons of ore per 
cage, Is equipped 
with all modem 
safety devices 
which practi¬ 
cally eliminate 
all risk due to 
incorrect oper¬ 
ation. The syn¬ 
chronous motor 
of the motor 
generator^ is con¬ 
nected to the 
supply through 
a three-phase water cooled transformer delivered 
at the same time, having an output of 1,200 kVA 
and wound for 7,300 x 5 j|^/3,I50 volts at 50 
cycles, or 9,000 ± 5 )^/3,780 volts at 60. cycles 
respectively, the continuous output oq the higher 
frequency being 1,440 kVA. This transformer 
Is also made to act as an auto-starter for the 
synchronous motor. The working conditions for 
mis equipment are patticularly arduous. As an 
example of this it may be mentioned that the 
D.C. machines during normal winding have to 
withstand load currents of 2,400 amps, at all 
voltages from + 550 to — 550 and in exeptional 
cases (t.e. when making an emeigeilcy stop) 
must withstand without damage sudden current 
surges up to 3,000 amps. 

































AntMwitic iMnMpiOff plnat {a n iniinici|Ml wjlctwori:* 


AUTOMATIC 

PUMPING EQUIPMENTS 

Equipments manufactured by Asea (or all kinds of iiutomatic pumping 
instaltaHon; are particularly pliable in service and require a minimum 

•of altentionv• 

They can be strongfy recommended for municipal iinderjtakings and 
large industrial plants as they do not require continual supervision 

and attention. 

The pumping stations are started and stopped quite automatically as 
required by tbe consumption. 

Effective protection against overloads, interruption In one phase, voltage 
failure and hot bearings, can be arranged. 

. On the occurrence of any failure at the pumps the attendant is summoned . 
immediately by the operation of the signalling system adopted. 

Overhead charges are cut down due to decreased personnel and re¬ 
duction In repairs. 

OUR EXPERTS ARE ALWAYS AT YOUR SERVICE; 

ASEA 

VESTERAS - SWEDEN 


Verterat 1927. W^cstwitiUtKU Mlthsivda PUirties ^ 
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POWKR STATION OF THE HOLMENS BRUKS &. FABRIKS A.-B., 

NORRKOPING, SWEDEI^. 

One of the Itirgest of the complete power dealing only with the clcctrification^of the water 
stations built in Sweden within recent years, power from a bridge known as tlw Bergshrou 
for private owners, is the installation known in Norrkoping^own to the sea level, invtrlviug 
as the Beigsbron—Havet station of the Holmens the construction of a power station on the site 
Itruks e, l-abriks A.-B. at Norrkoping. occupied at that time by the Ungasen l\i\ver 

Since very early times the water power avail- Station. As the largest owners of water rights 
•ible from the Molala river has been harnessed on this stretch or river the Holmens Uruks 
for practical use and thfe is particularly the Fabriks A..B, undertook the construction of the 
case within the town of Norrkoping where the new power station, the Company havinu at 

last falls of the river arc located before it emnties various times taken over the rights of about a 

into the sea. In the seventeenth century flour dozen other water power owners, 
mills, saw mills and bra« finishing factories As reserve power from a steam driven station 
KMsted in this town and the spinning and was available to a sufficient exient it was decided 
exnie industry had an even earlier hold on to design a power house fo" a flow of I I ^ 

I of ‘he nine- cubic metres per sec. although the lowest* flow 

L " y “corded is as low as 40 cubic metm Sr sS 

eitui this uds latter t<ikoii over bv the l^olmetis At th^ ^ 

Bruks & Fabriks A.-B. which built here one of the mch 3^ cibfc Stts 

hrst installations in Sweden for wood duId fall ^ height of 

manufacture, and also textile mflls. AnumbS fS llLl 

of factories of other kinds involving nroducts I*/ *od above the power station by the 

Mtes on the banks of the river and the ooJpr 11 I * a‘Bergsbron. Normally this height 
W. 1 S utilised through a number’of water ^eel< The power available is, In ihnt 

which later gave place to more modern turbines a conri§«ablI^*{iL^^’^°^ h.p. which represents 
At the commencement of the present century could be ®"l*’ e which 

all the power had been developed, with the Abo^e ,? °^**^“*** ‘I*® former stations, 

exception of two falls in the lower part of the hi the 

rh'er and great difficulties began to arise reBarditiw A» which has, in places, been 

a fair division of the w2cr powi a^Fe* fchli? ‘he .JST 

amongthediflerentworks. Certainrulesrcffardlnv In A «nal approximately 150 metres 
water rights were drawn up b«t SS wfnf ’ itr*^* bniad. 

capping foundftjo.» in'Tk'^ ^hh their 


the electrification 
of ihe w||oIc of 
the available 
water power from 
the level of Lake 
t'lan, a few 
miles north west 
of Norrkoping. 
down to the sea 
level and to di¬ 
stribute the pow- 
*L ®btalned to 
the various own¬ 
ers of the sepa¬ 
rate falls. Several 

suggestions W'ere 
made and reject¬ 
ed and at last a 
less comprehen- 
»»'« plan was 
taken in hand. 



n«. I. H»»a »t. em«l »Bd iiphe mio. 


further been 
deepened over 
a stretch of about 
300 metres for 
the tail race and 
I at the power 
house Itself is 
3*1 metres deep 
with a breadth 
t tnctres at 
the bottom. The 
masses of stono-^ 
which bad to be 
blasted out were 
used for filling 
the site ot 
the old works 

andvariousotlier 

spaces along the 
river, thus enab- 
lliig a consider* 
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able amount of land to be reclaimed. The 
most modern arrangements ha've been it^talled 
for controlling the water.. 

The power, has been 'divided among three 
.units consi^ing of water turbines of the Francis 
type, having ^direct coupled t^ree-phase gene¬ 
rators and exciters.. Double runner turbines 
have been used, having horizontal shafts and 
these are erected in open pits; They differ 
somewhat from ordinary double runner tur¬ 
bines in that each wheel is provided with a 
separate suction pipe, the outer wheel being 
also overhung, so that the suction pipe does 
not require to be provided with a bearing 
and. is not penetrated *by. the shaft. The go¬ 
vernors are both driven in the usual way and 
are placed at the up-sfaream end of the power 
house; The turbines are designed for 4,780 h.p. 
with a water qiutntity of 41.i cubic metres per 
sec. and, during official tests with this load, 
were demonstrated to have an efficiency of82.s^ 
approximately. 

The three tnree-phase generators are connected 
to the turbines, the shafts being supported by 
two ring-oiling pedestal bearings. They are of 
the Asea standara pattern, type G 275 and are 
designed for a continuous output of 4,250 kVA 
at 150 r.p.m., 50 periods, 3,000 volts and 
cos yt 0.75. 

For convenience in transport the stator is 
divided in halves, and is also provided with 
removable feet so that it can be lowered upon 
and turned round with the rotor when one foot 
has been taken off. This makes every part easily 
accessible in case repairs are to be carried out. 

The rotor is manufactured with magnet ring 
arms and boss of 
cast icon in one 
piece. As some 
alterations were 
made in the tur¬ 
bine design it 
became necessary 
to increase the 
original flywheel 
capacity of the 
generators, and 
also to build 
them for a con¬ 
siderably higher 
runaway speed 
than was origin¬ 
ally intended, 
and on this ac¬ 
count the> rotors 
were provided 
with steel side 
rings shrunk on . nr. 2. OpffUbfk tMoiP 


the cast iron magnet ring. The pole cores are 
made in one piece with the pole shoes, £rom 
cast steel, and are fixed to the magnet wheel. 
by heavy bolts screwed into them from the 
inner side of the ring and thus easily accessible 
for dismantling, without interfering with other 
parts of the generator. If a breakdown should 
occur in a field coil the pole can easily be 
removed in the axial direction together with 
the coil, after the securing bolts have been 
taken out. The boss is split at the shaft and 
is held together by steel shrink rings. As finally 
constructed, the field magnet wheels have a 
flywheel capacity of 385,000 kgjn^'and are built 
to withstand a runaway speed of 340 r.p.m. 
corresponding to an overspeed of 127 

The exciters are designed for a continuous 
output of 55 kW at 230 volts, which corresponds 
approximately to the maximum requirements 
of the generator fields. 

With the generators and exciters necessary 
regulating resistances were supplied, and these 
are placed In a separate room in the switchgear 
building and operated by push buttons from 
the control room. 

Generators and exciters are exceedingly con¬ 
servatively designed. The temperature rise after 
continuous foil load does not exceed 75 of 
the values allowed by the Swedish Technical 
Society rules. At the same time, 'an effort has 
been made to attain the highest possible efficiency. 
On the official tests an efficiency of 96.4 % was 
attained at full load with efficiencies of 95.s 
and 94.0 % at three-quarters and half load resp. In 
other respects the generators are entirely stand¬ 
ard, and the measured voltage rise when^hrow- 

ing off foil load 
was found to be 
24 while thtf 
short circuit cur- 
rentwith no-load 
excitation is 119 
% of full load 
current, corres-. 
ponding to a short 
circuit current 
with full load ex¬ 
citation of 1,865 
amps or about 
2.} times normal 
full load current. 

On account of 
the low speed 
the machines are' 
of rather, large 
size; the breadth 
over the stator 

In lilnli iMilna mllcS tamn. feet iS 7.25 mCtrC^ 



Mr. 2. OpffUUk W*»*ll* Wirtoo nriick non. 
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the length from the flange on the* shaft to the 
extremity of the exciter 4.S4 metres, and the height 
above floor level 4.4 metres, while the lowest point 
is 2.1 metres below this level, the machine pit 
being 2j metres in depth. The total weight 
of a generator is approximately 57 tons, of 
’which the stator represents 23 tons and the 
rotor 26 tons, the rest being taken up by the 
bedplate, bearings, etc. The exciter weighs 5 
tons. ¥tom the generators the power is taken 
through cables to the switchgear, which is housed 
in the eld St. Andrew’s Mill, which has been 
\ompletel% rebuilt and turned into a modern 
switchgear building with three 
floors, All the cables are brought 
in here from the new power sta> 
tion, from the existing power 
station at Krakholmen, from the 
power station at Laxholmen and 
from the steam station of the 
Company, and the power is led 
out nrom this building to all parts 
of the undertaking, and also to 
consumers who originally had 
rights In the water power. The 
cables are taken to the mUI in 
a duct under the power station 
and by means of a special bridge 
over the river. 

The switchgear is arranged with 
the incoming line oil switches 
and apparatus on the first Aoor. 


Here also is placed a station supply trans- 
formef of 600* kVA and 3,180/4W volts of 
the oil immersed ipdoor pattern. Space has 
fiirther been reserved for a 20 or 40 kV 
transformer installation so that there will be 
no difficulty on the ground o( space, if it is 
desired in the mture to run in coixjimction with 
the Government supply lines, with the Norr- 
icoping municipal |>lanl or with any other large 
power station. 

The busbars have been placed on the second 
floor wberc there is also a special room for 
the field rheostats of the generators and exciters. 
Finally, the third floor contains apparatus and 
switchgear for the outgoing feeders and the 
accumulator battery for the control circuits. This 
battery is also of sufficient capacity to act as 
a standby for one of the exciters. On the same 
floor has been placed the control room for the 
power station, and this is equipped with nccc.<!- 
sary switchboards and benchboards. * 

Low tension power is supplie<l at 220 volts 
foe the D.C. section and 380 volts for the A.C. 
section. The high tension supply i.s 3,000 volts. 
All the high tension apparatus is, however, of 
the 6,000 volt type and has been tested with 
40,000 volts. All the oil switches have a short 
circuit breaking capacity of 45,000 kVA; those 
used for the incoming lines arc arranged for 
electric remote control. In the switchgear build* 
ing two cables are tun, partly under the floor 
and partly through ducts in the wall. The floor 
has accordingly neen arranged with concrete 
slabs above the cable supports and a Ailing 
of limestone chippings put in round the cables, 
The finished surface of the floor il of iilcs 
laid on loose and* which can easily be taken 
up and re-laid if it is necessary to take up 
or alter one of the cables. 





. In the Witch gear building is abo ' 
a spare motor generator set 4ot 
the excitation and a charging set 
for the accumulator battery. 

The switchgear building and the 
power station,arc both warmed 
the heat developed in the gene¬ 
rators. The cooling air is brought 
to the switchgear building through 
a duct connected to the cboUng 
system in the power house, and 
a fan, capable of dealing with 8 
cubic metres pet second, has been 
installed. The heated air obtained 
from one generator only is suffi¬ 
cient for all the warming. Three 
fans have been arranged in the fi 

power station wall, dischaiging 
into the turbine pits so that the heated air, 
which is not otherwise required, is dischatged 
over fhe surface of the water to the fish guards, 
and in this |vay the fonnatlon of ice in winter 
time is prevented. During times when the power 
station is not running heating is provided for 
by electric radiators. 

.Generators, exciters, motor generator sets, 
switchgear, etc. have all been supplied by Asea. 
The j^ant was commenced during the latter 
part of 1920 and was completed about three 
years later. The station has since run without 
giving the slightest trouble. 

In conjunction with the construction of the 
new power station, considerable alterations have 
been carried out in the various factories 
of Holmcns Bruk. Three transformer sub¬ 
stations are now located in different pacts, of 
the factory, and new distdbution boards have 




Fla. 6, ftencli IimrI for powM iUllon in rMIcol room. 


. So 2*250 kVA fyttclicooout molor wltb sUrlian motor. 

been supplied for these transformers. For the 
substations, Asea has supplied among other 
plant two 2,000 kVA, 3,000/380 volt trans¬ 
formers, and two of 1,200 kVA, as well as a 
number of smaller ones. 

Formerly, there were a number of turbines in 
the factory, driving various machines such as 
grinders etc. These have been removed and 
replaced by electric motors. The largest machine 
installed in this way is a synchronous motor, 
delivered by Asea at the beginning of 1924. 
This is designed for 2,250 kvA at 214r.p.m., 
50 cycles, 3,000 volts and cosip ->'0.8, and is 
used to a considerable extent for power factor 
correction in connection with the works load 
which is chiefly made up of induction motors. 
As the starting torque required is high, it was 
not possible to make this motor self-Stacting 
as the surge of current, when switching on, 
would have been troublesome. 
On this account a ^irect coif- 
nected starting induction motor for 
600 h.p. at 245 r.p.m., 50 cycles, 
and 3,000 volts, furnished with 
combined starting and regulating 
resistance, has been used and the 
speed of this machine can easily 
be regulated for synchronising 
purposes. The synchronous motor 
is constructed on the usual prin¬ 
ciples. It' is interesting to note 
that the bearings are provided 
with handpumps which provide 
forced oil lubrication during start¬ 
ing.*) In addition to the syn- 

•) Twd siniibr motocf* b«t 

SO cycifi. 5,000 vallf ^ 

ulio dtlivettd hf Am lo the ^ 

Pabriks A^B's Ufft factorjr M Halktovik 
InSl for whkh^a l«ne V 

and #lc* liavf ^ delhfewd fnr Ike •nr 

a, M wdi M ikc old Inslallation. 
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F(r« 7» Dfslrilmtion hoard. 

chionous motors a large number of induction 
motors have been delivered, the largest being 
of 2,400 h.p. at 210 r.p.m., 50 cycles and 
3,000 volts, another one being for 1,000 h.p. 
at 210 r.p.iii., SO cycles and 3,000 volts. The 
former of the above, which has lately' been 
supplied, is provided with six sliprings for 
^Y-connection durihg starting and has brush 
lining and short circuitihg gear for the first 
three. In addition, it is provided with a separate 
phase advancer unit, so that it can be run at 
unity t^ower factor at all. loads from no load 
to full load. The phase advancer 
consists «f a compensator for 17.s 
EW at 9^ r.p.m., 1 cycle, and 
2,000 volts, driven by a direct 
connected three-phase induction 
motor of 32 h.p. at 50 cycles 
and 380 volts. 

As mentioned in the foregoing, 

Holinens Bruk possessed a number 
of older power plants and of these 
some have been scrapped, some 
transferred elsewhere while some 
still remain in their original po¬ 
sitions. For these various plants 
also, Asea has at different tiinies 
delivered a large quantity of ma¬ 
chinery and apparatus and this 
applies also to the general mill 
iirstallation. As early as 1901 Asea 
supplied a three-phase generator 
of 200 kVA, 375 r.p.m., 50 cycles 
and 760 volts, which has now. 


I been reconnected for 380 volts, 
i Three years later a 340 kVA Mea 
generafpr was delivered, running 
‘ at 214 r.p.m. and wound for 50 
cycles, 400 volts. Both these ma- 
clynes were designed for direct 
connection to water turbines. Later 
the mill installed a steam power 
station for which, in 1908, Asea 
supplied a small turbo , generator 
of the. double unit type,. which 
is still In use, and. later in 1911 
a large turbo generator of 1,875 
kVA running at 3,000. r>p.m. and 
wound fof 50 cycles, 3,100 volts 
and 'power factor 0.a. The units 
of the small double . generator 
were designed for 275 kVA at 
750 r.p.m., 50 cycles and 400 volts. 
The two stators of this machine 
were constructed side by side and 
the two rotors, were^ driven from 
a common gear, having three 
wheels, the two larger being con¬ 
nected to the parallel generator shafts and the 
third, which was considerably smaller, coupled 
to the shaft of the steam turbine. The gear 
was totally enclosed and. designed to run in 
oil so that it was practically noiseless. These 
gears ‘have proved to be very satisfactory pre¬ 
decessors or the present day precision g^ars, 
and made it possible to effect suitable connec¬ 
tion between steam turbines and the electric 
generators during a period when it was not 
possible to build direct coupled machines, since 
steam turbines could not be designed to run 
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Pfg. 9. Swllchboaril and dUtribulion bnard. 


was very similar to the turiM 
generator types which are con* 
structed to-aay. 

The setting to. work of the 
new power station has. naturally 
made it necessary to introduce a 
change-over to purely electrical 
drive, not only In tbe .Holmens 
Bruk hilt also . among. other 
consumers who .were interested 
in the water rights. In a num¬ 
ber of. undertakings the whole 
installation has been brought up 
to date while in others, which 
were previously partially .electri¬ 
fied, extensions have been put 
in hand so that use can be made 
of-the electrical power avaibble 
from the new station. 



sufficiently slowly, or electrical generators suffi¬ 
ciently fast. For several years after 1900 a 
large numbA of similar units were built for 
use in Sweden and abroad. Many of these sets 
are still operating perfectly. 

It was not long, however, before steam tur¬ 
bines and alternating current generators were 
suitably constructed tor direct coupling to one 
another. Asea took a very active part in this 
development and constructed several machines 
running at 3,000 r.p.m., which in their time 
constituted world records. The turbo generator 
.which was delivered to Holmens Bruk was, 

however, by no means one of the largest. This .... 

machine was constructed with rotating field of 

cylindrical type, having radial slots, and other- diini bearing. - * 



Fig« 11. Olilft duel pnder powtr stolion. 
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ARC FORMATION AND BREAKING CHARACTERISTICS OF 

SWITCHES* 

If two electrodes in air or some other gas, in For the desien of switchM anri Xn* j-v 

£ annlied to fi?'* ***^*"* * termination of freaking capacity it is, of course 

£ applied to them so that they are traversed bv desirable to he ohie ^ i 

greater than certain critical values depending on • * 9 «attoo. 

the material of the electrodes. For ordinary 


metals (e,g. Au, Ag, Cu, Fe, Al, 2) the critl. 
cal currant is in general less than 0.s amps, and 
critical voltage approximately 10-25 volts. 

If Mq is below the critical value instead of 
an arc a spark may occur, if E is greater than 
^ certain critical value depending on the sur¬ 
rounding gas. This critical value is in the 
neighbourhood of 300 volts for ordinary gases, 
(e.g. air, hydrogen, nitrogen). 

The radical difference between an arc and a spark 


e-a+4 

I 


( 1 ) 


In which e 


■ the arc voltage, 
i — the current 

f + 

h- y + df, 

/ - length of arc, 

®. P. y. ^ “ constants. 


These equations were obtained empirically by 
u,iA«,ciibcuviwccn an arcano a soark small arcs a few nim in length 

is that the flow of current through an arc depends at that Hiim med in arc lamps hav- 

to the greatest degree on the ionisation of the !kf Wished 

vaporized material of the electrodes while in the i * formula for arc lamps with en- 

of a apiHc I. dapaodalWo.rS; lo" £ *" *" ‘“fW' 

a.L ____ V4 .i ' • 




n 


( 2 ) 


s -—luutaei* 

tlott of the gas surrounding the electrodes. An 
am to a great degree exhibits the spectrum of the 
electrode material while a spark gives the spectrum 
of the surrounding gases. 

a£?^.d^U ‘not HTtaSida^for" “T 5“"?^' 


a “ constant 
h = Y + df. 

The difference between these two formulae 


of the suiTounding 
medium. Referred 
to our* ordinary 
switches, this im¬ 
plies aimqng other 
things that an arc 
between Cbpper 
contacts, for ex¬ 
ample, has the 
samechemlcalcom- 
positton both (br 
airbreak switches 
and oil immersed 
switches. The dif¬ 
ference lies In the 
fact , that the che¬ 
mical and physi¬ 
cal characteristics 
of the outer layer 
of the arc are en¬ 
tirely unlike. At 
the same time, the 
geometrical di¬ 
mensions of the 
arcs ate greatly 
different. 



*M mm Ck tmrfioiriat/n a*. 

Fit. f. Sptdlk cooUnt al dflhrail hmpecalvn tbet, in air. 


useless for long 
arcs, since itlimits 
the energy de- 
pendenton thecur- 
rent exclusively 
to the surfaces of 
the electrodesand 
makes the energy 
in the open arc 
constant for a 
given length of 
are and indepen' 
dent of the cur¬ 
rent. This is clear¬ 
ly incorrect. 

In the very 
few investigations 
which have been 
published on arc 
formation as app¬ 
lied to switches, 
attempts have ge¬ 
nerally been made 
to employ Ayr¬ 
ton's formula, but 
naturally with 
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Of I mm Cif 11 ^, hcrtxoitHU Ut of/. 

Fig* 2. KpodAc cooling at diffeccnl IcmiMratiirc rists In oil* 


small success. At the same time, the iocmula 
of Steinmetz has not been Kfcmd to, although 
it would be expected that it should be mote 
satisfactory. 

Both equations have the same inherent fault 
— that the constants are only empirically deter* 
mined, hut their physical meaning has not 
been explained. At the s^e time, the condi¬ 
tions show that if we establish a beat or 
energy equation for an arc, based upon the 
law of equality between the energy supplied 
and given out, we must obtain an equation 
which is of the form given by Steinmetz. 
This has been carried out by the author and 
a description of results published in the I.V,A. 
Pamphlet, No. 44 "The 'Properties of the Elec¬ 
tric Arc with respect to the Aning of Circuit 
Breakers". 

The static characteristic of the arc is determined 
in accordance with this investigation by the 
equation: 

es ~ kj + .. (3) 


with kj =* 2 


h ^ 

Of dx 


and kf -• 3.55 



Where es total arc voltage.. 
i » current in amps. 

/ length of arc in cm. 

& = temperature of arc above sut> 
roundings. 
d& 

= temperature drop at surface of 
electrode (at right-angles) per cm. 
At coefficient of conduction of heat 
for the electrode material, 
watt/cm^ for l**/cm. 

Of ~ current density at surface of elec¬ 
trode, amps./cm^. 

At »loss of heat from arc to surround¬ 
ings, watt/cm^ for 1^. 

Us *" current density in arc, amps./cm^. 


As regards the discussion of this equation 
we refer to the paper mentioned above. We wish, 
however, to clraw attention to two important 
assumptions beside those already given, namely 
that for a given electrode material the tempera- 
hire of the arc is approximately constant and 
also the current density (both a, and ois) is 
constant which last implies that the cross sec¬ 
tional area of the arc varies automatically in 
proportion to the current An arc is accordingly 
a conductor with variable cross section and 
constant density while a common metal wire 
is a conductor with constant cross section and 
variable current density. This also explains the- 
so-called negative characteristic of an arc. The 
action of striking an arc consisting in the for¬ 
mation of an ionised. or electrified gas iscbound 
up with the transformation of the material' of 



OM mm Ctf wim, hotinaitif Ai Mfer. 

Fig* }* Specific cooling al difieceat lempenitMe iHfi In water* 
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Ffg. 4. OtdUofr^iii: Bruk 


the electrodes from one 
state of matter to an¬ 
other. The process ac¬ 
cordingly constitutes in 
itself an automatic tem¬ 
perature regnlatorwork- 
ing within very close 
limits. 

The two constants 
and kt are of great prac¬ 
tical importance. 

ki depends only on 
the electrode material 
(fff) and the heat con¬ 
ductivity of this mate¬ 


«ir ciraiM bfulur Bml 10^ 1^3.*! 


rial, and-^). This 


relation Is known to a great extent, particularly 
through the Investigations of Professor Gran* 
gvist. In the electrical respect ki is a voltage 
— the sum of the voltage drops at the surfaces 
of the- two electrodes. Strictly speaking ki is 

only a constant as long as is constant, /. e. 


in the static condition. 

kt Is dependent both on the material of the 
electrode and 0) and on the cooling pro¬ 
perties of the surrounding medium (As). In the 
electrical respect ilit is the voltage per cm of 
length of are with a current of 1 amp. 

The significance of the constant kj has never 
before been clearly expressed as far as the 
author knows. 


MngnfUide and siga^cance of constants k, and 
ki fot circuit breakers. 

, For circuit breakers It is in general an ad¬ 
vantage for the length of the arc to be small. 
Accordingly both Xj and k% should clearly be 
large. 

For normal copper contacts the following 
approximate mean values apply, determined 
empirically by breaking tests: 

For air break and oil break switches, ki — 25. 
For air break switches, - 50. 

For oil break switches, » 5000. 

The great difference between air break and 
oil break switches is immediately apparent 
from the above. Under otherwise similar 
conditions the length of arc in air is in round 
figures 100 times greater than in oil (see equa¬ 
tion 3). The reason for this lies chiefiy in the 
greater cooling properties of oil express^ by 
the constant ^ The great dielectric strength of 
the oil is also of considerable importance in the 
case of alternating current but not in the case 


of continuous current. Siiice- the constant As has 
such a considerSble influence it is of great in¬ 
terest to study its magnitude more closely for 
different materials, different teiupfratures and 
other factors affecting it. 

For an arc m air it is possible to calculate 
As directly with suflicient accuracy. Attempts 
have also been made by experiment to deter¬ 
mine As and goo^ agreement has been found 
between the calculated and observed values 
up to the highest temperature used in test¬ 
ing, namely in the neighbourhood of 1,000°. 
It would, of course, not be justifiable to extra¬ 
polate from this tempeiature up to the tempe¬ 
rature of the arc, about 2,100°. It is, however, 
possible by this means to determine the order 
of magnitude of As with sufficient accuracy. The 
result is shown in fig. I. The calculated values 
assume only cooling by convection and radiation 
. but do not take into account cooling due to 
chemical reaction and are therefore too low. 
In the experiment in question cKsctric current 
was passed through a free hanging horizontal 
copper wire, 0.24 mm in diameter, the voltage 
and current being measured. From this was 
obtained the power supplied and the resist¬ 
ance of the wire and thus also the temperature 
of the wire. Such a method gives good ac¬ 
curacy at the higher temperatures which are 
of special interest. If we assume that the 
chemical energy can reach, for example, 50 ^ 
of the above we obtain As - O.i with an arc 
temperature of 2,100°. This value is approx¬ 
imately ten times greater than for low tem¬ 
peratures (up to about 100°) where,the cool- 






is 




Seritst, 


which agrees well 
with the value cal* 
culated front break 
tests. 


o I A 


ing is determined chiefly by convection. The 
rapid increase in the cooling at high tem* 
peratures depends, as is well known, chiefly on 
the radintlon. 

When cooling in a liquid the specific loss of 
heat from (he wire similarly increases very 
quickly with the temperature, namely as soon as 
this exceeds the boiling point of the liquid where 
the heat of vaporisation becomes e^tive. In 
teats on the heating of a copper wire in oil in the 
same manner as described above, the values 
given in fig. 2 have been obtained. Unfortuna¬ 
tely, the test does not go beyond a temperature 
of about 500** so that extrapolation to 2,000^ 
is very uncertain. At the same time it is suf¬ 
ficiently clear that As « 10—'20 /.e. at least one 
hundred times greater than in air. To calculate 
As more directly for oil would give rise to con¬ 
siderable, difficulties. 

In this connection it should be remembered 
that oil is not the only liquid which can be 
used for circuit breakers. Experiments have, for 
example, been made with carbon tetrachloride 
which exhibits some characteristics worthy of 
note (boiling point—76®, freezing point——24"). 
We have also carried out some experiments 
using ordinary wstter which show. (fig. 3) that 
As at a little over 1(X7* is about ten times 
greater than for oil. On account of this it 
would appear that water should be the more 
suitable liquid to employ for circuit breakers. 
This also is actually the case to the extent 
that we can secure' immunity from other un¬ 
fortunate qualities e.g. that water is not an in¬ 
sulator but'a conductor. 

The constant kj depends further on the cu^ 
rent density Us. It might be possible to calcu¬ 
late 0’s by the help of the theories which exist 
for conduction of electricity through gases. We 
have, however, so far been satisfied with mea¬ 
suring the dimensions of the ate by the photo¬ 
graphic method, and this gives a value of 


— —:-Ihe dynamie charac- 

teristic of the arc. 

_For the calculation 

of the arc for cir¬ 
cuit breiikers it is, 

o - id -40- "h - m Aooof course, the dyna- 

mic and not the 

Fla. a. Obtemd ami calcnlatad curat iliuwing ibe 4«p«mlaKe Static characteristics 
of lb« kusth coottoMout ^ 

l*^**l’ ’’“ JS *"(?*• During break es, i 

- and fall vary. If we 

take riiis into account we find that a further 
quantity is introduced into the arc equation 
(3) which is due to the effect of the heat 
capacity. In this way, for example, we obtain 
with certain assumptions with constant 1 but 
variable es and /: 

es-ki + ksj^ + A, . 


4.r TcpY 


T — temperature 
C|, - specific heat 


speciiic neat / 
specific weight J 


of the gas in the arc. 


The new term takes the form of an inductive 
voltage and its influence is to a great degree 
to oppose rapid alterations in the current, and 
thus to increase the breaking time and the 
length of the arc. Experiment shows, however, 
that in the case of copper electrodes this action 
is very inconsiderable. Certainly for oil - im¬ 
mersed circuit breakers the last tcrin in equa¬ 
tion (4) becomes vanishingly small in com¬ 
parison with the last term but one. 

Although the influence of the heat capacity 
is of great importance in certain cases, e.^. dur¬ 
ing the unstable period of the arc, with alternat¬ 
ing current of exceedingly high 'fiequency etc.. 



Urn. 7. OicillMCMm Brak «f indutliw conUmuiu* cunmC,^ all Im- 
uiMted bndnr. X — 4. J, ^ 20, tfr — ••*». »S — 1400 (unx.). 

we can, however, neglect it in the case of a 
preliminary investigation of breaking action for 
ordinary commercial circuit breakers. 

In the following, accordingly, we shall work 
with equation (3). 
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tioned, thjit the influence of the heat capacl 




LlTT V7*T<?T< f>TTw 


applies, whfle at the same time the voltage is'so 
high that ki can be neglected. The cases in 
which these assumptions cannot be allowed are 
handled as special cases. The arc voltage then 
becomes: / 

**"'**F/ 

r ' 

I. Length of ore on breaking simple D,C, circuit. 
The equation of the circuit: 

If *1 and A# - 0 


b)for L> 0 we obtain: 
r.., . I/T" f i IvLL 


■0.s4+ V(0.5//+- 


. ^ ^ wtotfs phms9 angiBs. ^ * 

MbtyUm »Ak cfrcuff biBlmr. Ot/BtuyUw m on eftatk bn^kf, \ C T A L t 

HeV 5"^tor I, — 0 we obtain: 

Irnghl of M« M the pluM aank when bnakina «llcnuMM <un«nt. ft „ __ - 

... I,■■■■'■ .( 4 ) 

Length of arc. 

For a circuit breaker the flnal length of the e, - 0.67 E 

arc is a factor of overwhelming importance. 

If we wish to break quickly, which is the ^ 

nneral rule and in any case so quickly that b) for i > 0 we obtain: 

the self extending tendency of the arc Itself 

has not time to Tie effective, the distance of 4- 0 .st,+lAos/ fj'i 

break should be equal to or greater than the ^ ^ (/1^.5 for+—p— .(7J 

length of arc. Otherwise the breaking time is ft„ 

increased and in this way considerable disad- where 4 - ^ EVL (= 4 vid I - 0) 

vantages can arise by reason of the Increased ** 

WCld^Lb'^f A u L 4-length of arc. when unstable, cm. 

WnsTiolds g<^.for the case where the arc 4-current, „ .. amns 

is drawn out only by the receding of the switch c,-arc voltage, volts 

l*,®'*'*'^er, we use 4- current at commencement, amps. 

can then be less than the length of 
arc. but the space for the arc to 
develop to its full length in a certain 
direction must always exist. ^ 

As the equation of the arc is 
known it can be introduced into the 
complete equation for any circuit 
whatever and in this way It is possible 
for us to study the break more 
closely, and to calculate the maximum 
length of the arc 4. 

In the paper already referred to t 
such calculations have been made for *m 
some common simple circuits, and we { 
shall accordingly confine ourselves 
to a brief reference to the results. 

For the sake of simplicity we shall n*. % , »««« utriMi 

make the assumption already men* was ■<««■»»« »<aut« 


where 4 - ^ Fl/J^ (- 4 vid I - 0) 

It — length of arc, when unstable, cm. 

4-current, „ amps, 

c,- arc voltage, „ „ volts. 

4— current at commencement, amps. 

^ “ speed of break, (constant), cm^ec. 
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Fig. 4 shows a typical oscillogtam (or a 
continuous current break In "a. noninductive 
circuit. The pressure of the circuit is in this case 
low, (110 volts), so that ki applies. The calcula¬ 
tion of the same curves in accordance with 
equation (5) wherein E is substituted by (E —ii) 

and /o by and the speed of break is 

assumed constant, gives as « result the curves 
in fi#. 5. An example of the application of 
equation (6) (or an inductive continuous current 
circuit is shown in fig. 6, which gives the length 
of arc dependent on the time constant L/t with 
otherwise constant conditions. The break action 
with an inductive circuit is characterised by the 
fact that the length of arc increases with the 
time constant and the speed of break. The voltage 
generated with an inductive break is also of 
particular interest as, during the last instant of 
unstable extinction of the arc, it can reach a con¬ 
siderable value. An example of this is shown 
in fig. 7. • 


Include circuit breakers of ordinary type, the 
arc being drawn vertically downwards. 

The constant c is determined by the pos¬ 
sibility of the re-ignition of the arc. ■ Its nu¬ 
merical value is easily influenced! e.g. in the 
case of air break switches by a very slight 
draught of air, which would not • affect ^ to 
any considerable extent. 

From the breaking point of view it is most 
simple to regard an alternating curfent as a 
continuous current which dies- out of itself at 



II. Ltngth of arc on breaking simple A.C, circuit. 

The equation of the circuit iS5 

. di r I , hi ^ 
JE-Ewslnmf “+ + ~ dt 

If ki and — 0 

EmSin tt>i ^ ir + L ^ + h ^ . 

From ^rhich we obtain: 

. 

c is here a constant depending on the phaw 
angle (y>o) at the commencement of the break, 
on the speed and on the cooling and insulating 
properties of the .surrounding medium during 
the zero period of the current. 

For an approximate calculation of the length 
of arc for normal circuit breakers c can be taken 
from the curves (fig. 8), and we can assume: 

- 100 for air circuit breakers, 

— 5,000 for oil immersed circuit breakers. 

These values apply as approximate mean values 
(or ordinary circuit breakers of modern con¬ 
struction, employlM no artifical method of 
quenching. Thus, for example, the air break 
switches in question include ordinary knife switch¬ 
es and isolating switches, hand operated without 
quick break contacts, the arc being drawn out 
wiefly in a horizontal direction. The oil switches 


the conclusion of each half period, rising again 
during the next half period on the assumption 
that me conditions for re-ignition are fulfilled. 
The calculated process in a noninductive circuit 
is shown in fig. 9 which gives the form of 
the current and voltage curves at the conclu¬ 
sion of a half period. The oscillogram fig. 10 
beats out the calculated values. Calculated 
curves of voltage and current when breaking 
an inductive circuit are given by fig. 11 which 
is in turn borne out by the oscillogram fig. 12. 
In the case of air break switches, the fwm of 
the arc voltage curve is often affected T>y the 
thermal capacity (rapid changes in the curve 
are eliminated) as shown e.g. In fig. 19. ^ 

From the above it appears that it«is theoreti¬ 
cally possible to break any alternating current 
in a time approximating to a half period. This 
possibility is made use of in practice as far as 
may be. On the othcK hand the half period 
must be regarded as the shortest possible break¬ 
ing time for ordinary switches. (We may rwark 
here that the necessary distance for the break 
can never be less than the flash-over distance 
(or the . highest voltage occuring between the 

There are a large number of readings available 
from different sources which we hwe made use 
of to check the formulae given above for length 
of arc. The agreement between observed and 
calculated values has been found in general 

exceedingly good. . 

It is of great value to the designer to be able 
to the length of arc. Particularly, how¬ 

ever, in the case of air break switches, such 
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as knife switches, isolating'.switches etc. ibis is 
often important also to the users of the .app»-. 
ratus, so as to enable.them to judge the breaking 
capacity. In this way many short circuits cah 
be prevented. 

A comparison between the length of the arc 
when breaking the same amount of power on 
various kinds of circuit shows: 

1) The arc is longer in the case of D.C. 
than in the case of A.C. 

2) It is longer for inductive D.C. circuits 
than for non-inductive cinuits depeitding on the 
inductance and speed of break. 

3) In the case of Inductive A.C. circuits 
(cos 9 IB O.i) it is, in air break switches, 
approximately the same length as for non- 
inductive D.C. circuits. 

4) In the case of non-inductive A.C. circuits 
it Is considerably shorter than for non-inductive 
D.C. circuits. 


1) Energy at electrode surfaces;. 

If we assume'the voltage, drop at the surface 
of. the electrodes to be a constant k|, the energy 
is obtained by a 

If. - /'* », (*. 

0 

The connection between i and dt is obtained 
from the circuit equation. Thus, for example, 
for V —constant we obtain: 

a) for non-inductive D.C. circuit, equation (5), 

-r5V*-0.7* Jo ts .. (10) 

b) For inductive A.C. circuit, equation (8), 

IT,« 5:^ |l jB /,«.* - 0.V k, h... (11) 

V 

TVt gives here the sum of the energy^at the 
surfaces of the two electrodes. 


Time of break. 

As the length of arc is known, the time of 
break can easily be calculated if the speed of 
break is known. The breaking time is of greatest 
importance in connection with calculations re¬ 
garding the power in the arc. 


2) Energy in the arc. 

I dt 

“a 

If we assume v — constant and for ei, make 

kt I 

use of the expression et — and further de- 


Energy in the arc. 

It is naturally Important to be able to de- 
tennine the heat developed during the period 
of break, having regard to the neat at the 
electrode surfeces (burning the contacts) as well 
as to the heat in the arc proper (causing 
^rmatioh of gas in oil switches). 


tennine the connection between i and t In accord¬ 
ance with the equation applying for the circuit, 
we obtain for example: 

a) For non-inductive D.C.,equation8(5)ahd(6), 
Wa ^ V * - 0.n E /« f.... (12) 

b) For inductive D.C., equations 
(5) and (7), with lai^e inductance 

{e.g. — > O.i) and speed of break 

t * 

100 cm/sec. or more. 

- Ek . (13) 

f 

and accordingly independent of h. 

c) For inductive A.C., equation 
(9), with a phase an^e of 90^: 
with air break switches, 

m-~S»/o'»-0;is£/,f.(14) 

*2 K 

With oil -switches, for c 0.a 





- 0.1 £4 f. (15) 
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^ A A A ' " 

r\ / \ / \ « ' '* / \/\ V^ may be reduced 

1\ / \ aJ M l -■ / V \ / v / \ *® 

.T ' " ■ "*V"' '''" y will be appa- 

{'. \ 17 \ f \ / . / >w/ >w/ >.i ”*** ^*** 

1 \ / * <\/ ^complete for^ 

L -V . V - . ^. .:muU which, 

in the case of 

V;. /\ % non-inductive continuous 

flj. f\ £ current and taking Into ac- 

[”* ■ \ / A/ Vi count the constant ki, be- 

I .^L /r~^ u r \ comes 

I ;; <\ / . y rt, o-»(g-"-t.) T/^ 

■- ..^ . : • ' (is) 

Fij{. 12. Ofcilloitrditit Hetdk of dtort dr^uilal gotioralor with oil twitch, low bradltiog tpecd*! If nifti ^ £« thc totdl flfC 
£« 6,000 vollt, /o «* 1,400, clFedIve vdliics. length fn7^» 0 

Regarding these examples of calculated In thc case of non-inductive alternating current 
results we wish to point out particularly that this method is also effective. In the case of an 
they Ire ip extremely good agreement with inductive circuit, however, it may, like increasing 
values foui^ empirically. Thus Bauer for the speed of break, be in the nature of a two 
ordinary knife switches and non-inductive edged sword, as will be clear from the following 


Fij{. 12. Occilla|{rditi t Hetdk of dtort drcuilcd gotiordlor with oil twitch, low hradkiog tpecd*! 
£« 6,000 vollt, lo 1,400, clfcdive vjiliics. 


D.C. gives — O.is « E Jn if (compare equa¬ 
tion 12). For alternating current and oil immers¬ 
ed switches (compare equation IS) Bauer gives 


example of the calculation for an inductive 
D.C. circuit. 

If the total arc voltage et is assumed to 


constant 


ea swticnes ^.compare equation toj rtauer gives it tne total arc voltage et >3 assumed to 
the constant O .02 for nearly non-inductive cir- increase with the time t mm 0 up to mki we 
cults and O .07 for a short circuited generator can in this case put 
circuit, Briihimann gives for a short circuited 

generator a minimum of O.w, but considers that e, •» k * mvi t-at ^ mki 

this value in the case of large outputs may be 
increased up to O. 2 , a » constant 

Both Bauer and Briihimann have further , . , ,. t 1 e 

established by observation that the amount * = constant - voltage per cm of length of 

of gas formed in oil switches is proportional kivak (Z ^ 
to the bfeakiiw work Wb, This fact represents ^ 0.i ^ 

a further confirmation of she assumptions we ^ breaking speed 

have made regarding constant temperature, 

specific cooling of the arc and current density, v ~ mvx — total effective speed of break 


constant -■ voltage per cm of length of 
break (- ” - 250) 


Various methods of reducing length of arc, 

breaking time end breaking work. 

♦ 

Several breaks in senes. 

A very commonly employed way of reducing 
the length of arc is to arrange a circuit breaker 
with two or more breaks in series. If the num¬ 
ber of breaks >■ m, then in the case of htgh 
voltages the approximate length of each arc 
is 1/m of the total arc length. From thc con¬ 
structional point of view this gives rise to 
various indirect advantages such as increased 
speed of break, better utilisation of the space 
at our disposal in the oil tank, better control 
of the movement of the arc, etc. If the voltage 
is low, or if the number of breaks is very 
large, we can bring about a considerable re¬ 
duction in the total arc length and indeed 


The equation of the circuit: 

. 

from which we obtain 

+ ). (18) 

A r 

If, for example, we have the requirement that 
with constant E and /, the time of break U is 

to be constant ~ O .01 although increases, m 

must be increased in the ratio given in the fol¬ 
lowing table, under the assumption that v, is 
maintained unchanged. 
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1 

r 

III 

0 

1 

0M2 

1.25 

om 

2.7 

OM 

10 

o.t 

20 

0,5 

100 


From th« above it will be seeu that the method 
of employing a number of breaks in series may 
give rise to considerable difficulties with higher 
values of I/r. 

Increased coaling, 

, By directing a stream of air or oil against 
the arc the constant kz may be increased. This 
may be regarded as a good method, with the 
except^n of the case of inductive continuous 
current, where it mast be ensured that the 
advantage gained is not taken away by increased 
A>ceaking speed, due to the "blowing out" action. 

In the tase of alternating current cooling by 
a draught of air or stream of oil Is particu^y 
effective when the current is zero and by this 
means the constant c may well be considerably 
reduced. 

Such a method has often been used with 
advantage in p'ractice. For example, expulsion 
chambers In the case of oil immersed circuit 
breakers are a particularly simple and effective 
arrangement of this kind and have the*valuable 
characteristic of mote powerful action as die 
current becomes greater. (On the other hand 
when the current is low the action of expulsion 
chambers of the construction now common is 
practically reduced to nothing). 

Speed of- break. 

With nominductive continuous current the 
length of arc is not affected by the speed of 


break but the breaking work is inversely pro¬ 
portional to the speed of break and it is accord¬ 
ingly to be recommended that this should be 
made high. (See equation 6 and 12). 

With inductive continuous current th<rlength 
of arc increases with the speed of break and 
in the case of high inductance is proportional 
to the square root of the breaking speed. The 
breaking work is affected slightly or not at all 
by the breaking speed. It is accordingly not 
advantageous to have this high. The feet that 
in spite of this a high breaking speed is often 
used is because we require a short breaking 
time for other reasons, e.g, to reduce the da¬ 
mage which might be caused by a short circuit 
of Tone duration (flash-over at a commutator). 
With nigh inductance the breaking time is in¬ 
versely proportional to the square root of the 
breaking speed. (See equations 7 and 13). By 
increasing the speed of break the breaking time 
is reduced in. the same proportion as the length 
of arc is increased. 


With non-inductive alternating current or 
where the inductance is Inconsitterable a high 
breaking speed is undoubted^ advantageous 
since the constant c is so affected that both 
length of arc and breaking work is reduced. 
With high inductance care must be used even 
in the case of alternating current. The effect of 


increase is, as it were, to raise the self-induction 
of the circuit whereby both the length of arc 
and breaking work is increased. It can be 
shown that for a certain current the breaking 

speed affects-^by about the same percentage 


if it is proportional to the working voltage. It 
accordingly follows from this that to a great 
extent a higher speed of break is permissible 
and to be recommended In the case of high 
working yoltaees. Inversely also, if the voltage 
is low, so-called instantaneous break is less 
suitable in the case of inductive alternating 
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current, as well as in the case of inductive 
continuous current. 

Magnetic blow-out. 

A magnAic blow-out acts in an entirely dif¬ 
ferent nuinner from ordinary blowing. Mag¬ 
netic blow-out should be regarded as a method 
of obtaining a high breaking speed without 
the necessity of a rapid increase In the break¬ 
ing distance between the Electrodes. On this 
account the remarks made above with regard 
to breaking speed apply here also to a 
gnat extent. 

From ordinary observations on air break 
switches we might be* led to think that mag¬ 
netic blow-out gives rise to decrease in the 
length of the arc. This is, however, a mistake 
or rather an illusion and is due to the fact 
that the duration of the arc is so short that 
the eye is unable to follow its development. 
This nas been demonstrated in experiments 
made by E^hholz who by photographing the 
arc with a special camera has shown that 
the length of arc is practically speaking unal¬ 
tered. Up to an eff^tive breaking speed of 
V — 6;000 cm/sec. the decrease in the length 
of arc was so small (10 to IS that it 


cannot be ascribed with, certainty to the mag¬ 
netic blow-out. At the same time, however, a 
considerable decrease in the time of break is 
obtainable in this way. 

Conclusion. 

The object of this short treatment of arc 
fonnation in the case of circuit breakers, has 
been to show that we are able, at the pre¬ 
sent time, to calculate the electrical and 
geometrical dimensions of the arc within very 
close limits, and under all conditions with an 
accuracy at least equal to that with which we 
have to be satisfied in the solution of technical 
problems in general. That the formulae made 
use of are not only empirical but have a wide 
applicability in that the terms composing them 
Imve a real physical meaning is made clear, 
and this should be of particular value. 

The electrical side of the circuit breaker prob¬ 
lem is, practically speaking, solved. The prob¬ 
lems which can still give rise to certain diffi¬ 
culties are the mechanical construction of the 
breakers and their design for different local 
conditions (erection and operation) and above all 
the important question of adequate maintenance 
of automatic switchgear._ Sven Notberg. 


ALIGNMENT OF MACHINES. 


The aligning of machines is a delicate piece 
of work, and should preferably be carried out 
by skilled machine erectors. Even so, however, 
it often happens that erection is not carried out 
in the wuy we would recommend, and for this 
reason we are submitting •herewith a few in¬ 
structions for this kind of work. They cover 
briefly the method which in our opinion 
should be followed to attain, with the least 
possible trouble, a correct and true alignment, 
out they do not by any means give full instruc¬ 
tions for the coitiplete machine erection work. 

Alignment of coupliiigs. 
a) Rigid couplings, flexible 
bolt coamings, movable pin coup¬ 
lings of Stal manufacture. Place 
a spacer "a" between the coup¬ 
ling halves at the periphery 
as shown in fig. 1. Press the 
shafts together so as to hold 
the spacer in its position. 

Measure the distance dia¬ 
metrically opposite to the spacer 
with the shaft in Us original 
position, and also after nav- x 

ing turned the shaft through ftf, j 




'N 


90**, 180^ and 270^, (four measurements in all). 
' The difference between the largest and smallest 
value of 'V should not exceed 1/2,000 of the 
coupling diameter. If the coupling halves are 
running tight against each other, employ the 
same method but without using any spacer. 

Alignment of the shaft centres is made by 
a feeler and straightedge, or stilP better by 
means of a dial indicator. The largest' permis¬ 
sible deviation is 0.05 mm (O.ott"). Due regard 
must, however, be taken to the flanges not 
being exactly trtie or being eccentric. 

b) Leather block or leather 
strap couplings. It is usually 
immaterial which half of a 
leather-block coupling is placed 
on the driving or the driven 
shaft, unless the general ar¬ 
rangement determines the pro¬ 
cedure. 

The coupling is put on as 
shown in fig. 2. Last of all, 
the leather-blocks should be in¬ 
serted and secured by steel 
wire springs, preventing them 
from coming out. These clocks, 
which should fit the openings 
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*^®**^y as.possible, .are to be marked with adiusUuent oif the stator use shims of Iron or 
the same number as their corresponding open* any other hard« metal underneath the founda* 
|ASSt and should in case of di^antlit^ alwjiys tion shids. 

put back .in the same positions. After checking that the alignment of the 

When erecting, the alignm<int of the shaft coupling is exactly as. set out. in these instruc* 
centres should be checked in the following ' tions, the foundation studs should be cemented 
manner: — • . . .. in, using a fin^ grade of cement 

Draw a radial chalk line on borii the halves . 
at *A*' and "B*’, when placed In position (I), Machines mounted on sUd* rails. 

as per fig. 2.- Measure' the radial air. gap between Screw the. slide ^ails tight on to the machine 

and place it on the foundation. With belt ox 
tope drive, ascertain that the middle point of 
the belt or rope pulley agrees with that of the 
dtiven pulley and that the shafibt of the driving 
and driven machines ^ parallel. With gear 
drive, make the alignment in the same way as 
set out above, but ascertain forther that the 
gears engage satisfactorily on both the extreme 
positions. Check that the upper surfaces of the 
slide rails ace level in the longitudinal direction. 
Their position in the transverse direction will 
be determined by the location of th^ driven shaft, 
After having checked that the alignment has 
been propedv carried out according to these 
. instructions, tne foundation bolts ana slide rails 

the halves by the aid of a wedgC'Shaped airgap are to be cemented in, using a fine grade of 
gauge. Place a straight edge t^aiitst the surfaces cement. 

”A** and **B’* and check the axial displacement 

by a feeler between the halves. Both these Small motor generators with common Mplate. 
measurements ace to be auide to O.i of a milli* Small motor generator sets do not need to 
metre CO.oih'0 . . , be taken off the bedplate bt order to align 

Turn both halves 90", Le. to position (II), them, as the bedplate can be levelled on foe 
and repeat the above measurements, after having foundation by putting shims underneath it. 
drawn a chalk line at the place of measurement. For this reason, two machined surfoces on. 

The same procedure is further applied in the upper side of foe bedplate at right angles 
Podtioiis (III), (IV), and (I) and should after to each other, have been extended lOvnmeacb, 
adjustment be repeated until the measurements so that a reliable (position for foe spirit level 
in all positions agree with a maximum tolerance can be found. After having levelled the bed- 
•f 0 . 0 S mm. plate in this manner and ascertained, foal foe 

A leatbbr strap coupling Is aligned In foe coupling runs true as indicated above in the 
same manner. If the inner half is located on chapter “Alignment of couplings", it should be 
the motor shaft, the outer half protects the strap cemented In together with the foundation bolts, 
from being thrown out. on a breakage of the employing a fine grade of cement, and filling 
strap occurring. After alignment, the strap should up inside to half the height of the bedplate, 
be threaded in and locked. . * . 

Larger motor generator sets on common bedplate. 
Alignment of direct connoted machines with end if the motor generator is deUvered directed 
shield beatings on fomdaHon studs. on the bedpUte, the set must first be dismantled. 

Screw the foundation studs into the stator Place the bedplate on the foundation, cement 
feel and insert the dowel pins in their reamered in the foundation bolts unless this has been 
holes. In order to make the foundaHon studs done already, and locate foe bedplate horizon- 
fit, Ihc erection should be carried out after having tally by putting shims underneath wherever 
marked the studs as. well as the stator feet. requind. All machined surfaces must be checked 
Place the machine oh the foundation, and align to see that they are in foe same (or in parallel) 
foe coupling in accordance with the* foregoing planes. Due to released stresses-caused by the 
instructions, and check by. a spirit-level that foe casting, it may be possible, that the shape of 
shaft of the machine, unless specially made to foe bedplate has altered during transport) and 
work in another position, is horizontal. For therefore it may prove necessary temporarily to 
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employ the foundation bolts for forcing the 
bedplate back into its proper ^ape. « 

After having aligned the bedplate and sup¬ 
ported it bv shims, so that no deformation due 
to the wdght of the macliines to be placed on 
it, can take place, put the machines on the bed, 
tighten all bolts of the stator and bearings, and 
insert the dowel pins. Check the air gap and 
the axial play in the beari^s before grouting 
in the bedplate with a fine grade of cement 
up to a height of about 50 mm. Afterwards, 
pour concrete into the remaining free space in 
the bedplate. 

If the set is of stich'^a size that the bedplate 
is packed separately, the same method of erec¬ 
tion should be employed. Should the bedplate 
be split, the machines are to be aligned on the 
previoudy aligned bedplate, and holes for the 
dowel pins drilled and reamered before grouting 
with cement and filling with concrete as dc- 
scribeJ above, 

Machines on* separate, bedplates or with one 
bearing and stator on a common bedplate. 

Locate the bedplate or plates on the founda¬ 
tion by using a spirit level and taking measu¬ 
rements from the shaft of the machine to which 
the machine under erection is to be coupled. 
Afterwards, put the machine on the bedplate 
or plates and bolt both the flanges together. 
If necessary, adjust the plate or pUtes so as to 
give adequate endplay in the bearing, after this 
latter has been screwed on to the bedplate. The 
alignment of the rotor should then be checked 
by diifeccnt methods, which, depend upon the 
number M bearings, and the size of the machine. 

a) One bearing and shaft with flange coup- 
ling.s, arrangement 130. Smaller machines are 
erected complete with their outboard bearings; 
the bolts of the flange coupling are loosely 
screwed up, so that the shaft end will rest on 
the guide flange. Ascertain in the manner 
deteribed under rigid coupling.s, with feeler 


between both the halves, that these are parallel, 
otherwise make the necessary adjustments by 
altering the location of the outboard bearing 
until the correct po.sition of the. flange has been 
obtained. 

On larger machines,' do not put on the upper 
half of the bearing, ^.ut a spirit level on the 
shaft in the bearing, , and turn; the rotor slowly. 
If the rotor is correctly aligned,' the reading of 
the spirit level should be equal in all positions 
of the shaft. Should it not be so, adjustments 
of the location of .the bearing arc to be made 
until this equal reading is -obtained. 

When it has been a.scerteined that the rotor 
is aligned, screw the bearings on to the bed¬ 
plate and insert the dowel pins after de corres¬ 
ponding holes have been teamed. Then align 
the stator in such a manner that the stator and 
rotor are parallel and the ait gap is eqiuil on 
both sides of the shaft in a horizontal level and 
about 10^ greater below the rotor than above. 

Tighten tlic stator bolts, insert the dowel pins 
and grout the bedplate or plates with cement 
and fill with concrete as previously - described. 

b) Several bearings, .shaft vidth flange or flex- 
ibie coupling. Alignment of machines with com¬ 
mon shaft is to be elTccted in accordance with 
the instructions given for a motor generator. 

On miidiines with two bearings each, align 
the couplings, whether rigid or flexible, as stated 
above. For machines of other arrangements 
apply the liustructions given herein for a cor- 
rc.sponding arrangement. 

After the machines have been aligned and 
grouted in, the bearing surfaces of me shafts 
must be smeared with marking colour sthd the 
bearings scraped to bed the shaft down pro¬ 
perly in order to ensure a good bearing snrrace. 
On the side of the lower bearing belf, wherfi 
the shaft is turning downwards, the bearing 
metal must be scraped out from the oil ring 
groove so that the oil will be distributed along 
the whole length of the bearing. 


nil 





ASEA GEARS 

combined with our standard D.C 2 ^id A.C. motor 
types are invaluable* when it is required to drive slpw 
running machinery direct. 

Also suitable for increasing the speed of horbontal 
or vertical generators. . < 

The d<»ign depends on the gear ratio , required and 
conditions, and may be either, single ‘ reduction or 
double reduction, and with straight , teeth for small 
powers or ;helical teeth, for Higher;outputs.- 

Pinions and toptlied' tjrigs are of spedal steel.. . ' 

Theoretically correct tooth profile and exact division 
give these gears an efficiency hitherto unattained and 
also ensure practically silent running. 

The gears ace furnished with ball bearings, are en¬ 
closed in .cast Iron housings, run in oil and take up 
the least possible space. 


liefer to nearest Agents for particukrs and pHces. 


Volciu 1927, W c rii mntan d t AlkbiuiiiU Mnlln»Ce. 












ELECTRIC SHIP WINCHES. 


The introduction of internal combustion en> 
glides and particularly Diesel engines for pur¬ 
poses of ship propulsion has made the question 
of the electrlRcadon of auxiliary machinery an 
important one, since the* use of a special steam 
plant on boai^ for supplying such machinery 
is a half measure which is uneconomical and 
also unsuitable from several points of view. 

The most desirable way of approaching the 
matter was obviously the development of a 


an attempt in this direction. The greatest dif¬ 
ficulties arose in the constructiog, of electric 
motors and operating gear which would be 
hilly reliable upder the working conditions, and 
in this respect special attention had to be given 
to the difficult atmospheric conditions, and to 
the careless handl^^ig, overloads etc, to which 
this class of gear 1$ always subjected. It must 
also be remembered that great weight is placed 
on easy operation and speed regulating pos- 
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practical electric warping and cargo winch which 
should be capable of taking the place of the 
steam winch hitherto almost universally employed 
and which, although found exceedingly satis¬ 
factory from the point of view of reliability and 
simple operation, suffered from a number of 
disadvantages including poor efficiency and dif¬ 
ficulty with long steam pipes etc. which in 
many respects made the motive power uneco¬ 
nomical and unsuitable. 

The production of a reliable electric ship 
winch may seem at first sight a simple matter, 
but experiences in connection with the first 
large motor vessel equipped in thjs way de¬ 
monstrated that the question was by no means 
an easy one, and this was also clearly shown 
by the fact that one of the best known elec¬ 
trical engineering firms in the world failed in 


sibilitles, and in this regard the steam winches 
formerly used were exceedingly satisfactory. 

The fact that the first electric ship winches 
manufactured by a number of different people 
were found to be very badly designed was due 
to underestimating the requirements and the 
character of the work which such machinery 
has to perform, manufacture being undertaken 
before sufficient experience had been obtained. 

After the first attempts had ended in failure 
the specifications for electric ship winches were 
natur^iy made exceedingly 'exacting. Thus it 
was demanded that winches should be of par¬ 
ticularly conservative design both as regards 
the electrical and mechanical parts and with 
regard to the electrical operation it was stipulated 
that they should be capable of being operated 
"by any person whatever in any port in the 
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world without any instructions being necessary, 
beyond the man in charge bting told to turn 
the handwheel in one direction for raising a 
load, and lin ihe other direction for lowering 
it”. It must be remembered that the winches 
are in genera) not worked by«the crew of the 
vessel but by odd labour, dock labourers etc. 
and on this account any instructions regarding 
the operation of the wincK»may be assumed to 
receive no attention at all. 

The actual work as before mentioned may 
be forced to the highest degree and work may 


in question. The market for this class of gear 
has since increased continuously as the demand 
for such machinery has grown, although there was 
naturally a certiln set-back due to the war. 

During the past few years the demand for 
electric ship winches has again increased con¬ 
siderably and it appctics certain that the output 
will be further increased as overseas commerce 
regains it normal conditions. 

Up till last year Asea had delivered over 
1,000 complete electric winch equipments to 
over 30 shipping companies for more than 100 



Pig. 2. 3 Ion fliUKUtd elteirk chip wfndi of Aioc 1921 IjrtM. 


continue over the whole 24 hours without ces¬ 
sation, and the driving motors may be started 
from 4 to 5,000 Ihnes within this period. 

When Asea accordingly in 1912 decided to 
go in for the production of electric ship winches 
the greatest possible attention was given from 
the beginning to the working and design of 
the various details, having regard to the ex* 
petience which was then available. The first 
complete winch equipments were supplied in 
connection with two Diesel engined motor 
vessels which were being consiructea by a foreign 
shipyard for Sw<;dish owners, and in spite of 
the very difficult conditions which have been 
referred to they were found to be so satisfactory 
that for several years A'sea was the only firm 
considered for the supply of such material, both 
by the owners of these vessels and the shipyard 


vessels trading to most countries withitv and 
outside Europe. 

The construction which was adopted for the 
first winches was maintained practically un¬ 
changed until 1924 and the equipment In question 
is illustrated in fig. 1. 

The mechanical part, as will be gathered from 
the figures, consists of cylindrical gears, a rope 
drum and warping heads, the shafts being carried 
in ordinary cast iron brackets and the whole, 
including the motor and brake gear, mounted 
upon a common bedplate, 

Two different speeds for greater and smaller 
loads catv be obtained by a gear at the end'of 
the winding drum which when required can be 
thrown in and out by means of a ^w coupling 
on the intermediate shaft. 

The winding drum gears ate both of cast 















\v 



Iron and have cast helical teeth. The motor 
gear, which is a large wheel of cast steel and 
a pinion of foreed steel, has cut teeth. The first 
gear is covered by an ordinary sheet Iron pro- 
tection to pwvMt the rope, or anything of a 
like nature, finding its way into the gear. The 
n^tor near is entirely enclosed in a sheet cover. 
The mdtoc bearings and intermediate shaft bear- 
higs are provided with brass bushings. The 
<iruin shift, however, runs direct In the cast Iron. 

The deotrical equipment Is of an entirely 
special ^pe, both as regards motor, starting 
gear, and brake magnet and all these ace of 
enclosed water tight pattern, so that they can, 
like the mechanical parts, be placed on the open 
deck^ without any risk of damage by the sea 
breaking over them. The motor is provided 

unscrewed at the 
commutator end for inspection. 

controller housing are eafective 
and simple safety devices consisHng of overload 
rh? aod also a maniially operated 

* handle being outside the 

are starting and regulating resistances 

f, « j ^ 'V® ^'*‘**^ tank which 

toolIec. ..To provide vehtilatlon there are two 
when opened provide complete 
p otection against rain and splashing water, 
and when closed are entirely water tight. These 


^ air valves are closed on leaving 

\ port. When the winches are to 

A be used again they are opened so 

|\\ that effective coollng«>of the rcsl- 

^\\ stances is obtained. 

II \\ vAt a time somewlrere about 1922 

|~m shipping companies began to 

»)[ y demand greatly increased capacity 

* j ^od fxfra silent running electric 

I I winches and steps were imme- 

H I -J diately put in hand by Asea for 
I J the development of an entirely 

4 =—new type. 

ST E The new type of winch which 

Ul n__| the market In 1924 

*ud .has been supplied ever since 
— " " " ry b*s been found entirely satisfactory 
in all respects. The general appear¬ 
ance can be gathered from fig. 2 
and from the illustration on the 
front page. 

As in the case of the older type, 
the mechanical parts are exceed¬ 
ingly strongly designed, but the 
general arrangement has been con¬ 
siderably altered. There is only 
one gear on to the hoisting drum 
u I • 1^® speed device has 

extended shaft of the motor. 
All gears have steel wheels and pinions made 
from forged steel of special quality and all the 
gears have teeth carefully cut by a special 
proce^ and run in an enclosed casing strongly 
built worn cast iron and which carries the bear¬ 
ings for the various gear shafts. 

All bearings are provided with brass bushings; 
the motor shaft bearings have oil rings and the 
remaining bearings are arranged with wick 
lubrication. The brake gear is of a simplified 
and improved design. 

The electrical equipment is practically unaltered 
®“l * oumber of improvements have been In¬ 
troduced, among these beini^ the provision of 
hinged covers in the end shield at the com- 
mutator end of the motor, heavier contact fingers 
on the controller, etc. In addiHon there is a 
main disconnecting switch In ■ one' division of 
the controller casing so that when carrying out 
inspecHon or repairs the whole controller and 
equipment can be made entirely dead; 

The new type, of winch can also be arranged 
with a separate foot brake which provides addi¬ 
tional safety and. is also required in order to 
meet the regulations in certain countries. 

I ™ explained above, the Asea winches have 
always been provided with s|)ur gears and these, 
especially in the case of the newer type where 
extra carehil workmanship has been used to 
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Pljf. 4* SUndad arraimmunl of ship wincbet **Ai«i** lype on booni M/S A|pra. 


obtain silent cunning, have the advantage o£ The winches of the type described above ace 
much higher efflciency than reduction «ars intended for raising and lowering cargo, but 
employing a worm and worm wheel which are in certain cases they can also be arranged for 
used by a number of our competitors. warping work tk. and arc then provided with one 





















or two shaft extensions placed at the ends of the 
wiiMing-drum. These shaft extensions are fitted 
with outboard bearings and suitable winch heads. 

Speed nfmln 
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When the winches are arranged for loading 
and unloading they are generally placed In 
pairs by the liatches and it is usual for them 
to work in conjunction with one another and 


with two derricks as shown in fig. 3. In certain 
ewes one wincl/can be used for each derrick 
which is then arranged so that it can be swung 
round. The layout of a warping winch is also 
shown in the same figure. 

Tlie electrical (equipment of these winches is 
arranged exclusively for D.C. supply and in 
general for 220 volts. In a few cases winches 
lor HO volts have (been supplied. 

, various lifting and hauling powers for 
different winch sizes are given in the table 
below, together with the raising and lowering 
speeds at various loads and with the controller 
in various positions, and these are shown* dla- 
grametically in fig. 6. 


Sfit 

Toot 

LJCHnit or 
luMitlnis 
IXMwr, kg 

m/miDt. full 
loud opproi. 

J.oweriiig 

Jood approx. 

Motor 

b.p. 

1,5 

1500 

56 

JIO 

25 


1500 

40 

82 

47 

3 

3000/1500 

28/56 

55/110 

25 


» 

20/40 

41/8S 

17 


5000/1500 

25/80 

52/173 

35 

5 


17/56 

33/110 

25 



12/40 

25/82 

17 


..V in conclusion that as far as this 

class of machinery is concerned Asca has well 
maintained the postHbn which is so necessary 
tor a firm when competing in the world market^ 
the principle being always kept in view that 
manufactured roust be entirely 
suitable for the purpose for which it is intended 
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A UNIT FOR ASYNCHRONOUS PARALLEL WORKING BETWEEN 
TWO UNDERTAKINGS WITH LOAD AND POWER FACTOR 

REGULATION. 


At the end of 1923 Asea delivered to Karlstad 
Electricity Wgyrks, Sweden, a cojiverter set of a 
rather special nature. The Customers have expres¬ 
sed great satisfaction with this plant and have 
been kind enough to supplv us with a number 
of particulars and results or working, so that it 
appears to us that a full description of the set 
m<ny be of great interest to readers of this journal. 

The object of the set is to generate D.C. 
for the town load and^lso to allow transference 
of power between two A.C. networks which 
while running normally at a frequency of 50 
cycles do not work in parallel, the frequency 
of each being maintained within a tolerance of 
±3 The set was designed to meet the fol¬ 
lowing requirements: 

The Karlstad Electricity Works have a contract 
with the Dejqfors Kraft &. Fabriks A.-B. to supply 
them with 1,200 h.p. three phase A.C. This 
power the purchasers wish to utilise completely, 
disposing of it partly by direct distribution as 
A.C. and partly by the generation of about 
350 kW D.C. at 500 volts. When these demands 
have been met, any surplus power is transmitted 
to a dUtribution network known as the Kohlsater 
system which is supplied by the Company's 
own power station at Kohlsater and which is 
run in parallel with the Trollhattan Power Station. 
In case the amount of power obtained from 
Dejefors is insufficient power is taken from the 
Kohlsater system, in the first place for generating 
D.C. add secondly in exceptional cases for 
generating A.C.. for supply to the 3,000 volt 
network, connected to the line from Dejefors. 
These requirements have to be fulfilled with 
either system working at any frequency between 
48.S and 51.5, the frequency fluctuations in the 
two systems being quite independent of one 
another. It was desirable in addition that the 
three-phase machines eipbodied in the converter 
set should work with a power factor of unity 
or 0.9 in order to improve power factor con¬ 
ditions on the respective systems. 

To meet the above conditions a number of 
difilerent methods were investigated. First of all 
the use of two separate motor generator sets 
was examined, these consisting of synchronous 
motors and D.C. generators working in parallel 
on the D.C. side and with loan regulation 
carried out in the ordinary way. This proposal 
was found to be expensive and above all tbe 
efficiency of the transference of power between 
two three-phase systems was rather low, since 
in this case the load must pa^ through four 


machines. Another proposal was to use a slipring 
induction motor wound for 3,000/3,000 volts, 
50 cycles, tlic stator .being supplied from the 
Dejefors syiitem and the rotor from the Kohlsater 
sy.stem, The two networks would in .such a case 
be linked up through the common field excited 
in the machine. The rotor would rotate slowly 
in one direction or the other at a speed deter¬ 
mined by the difference in periodicity between 
the two systems. If the shaft were not subjected 
to any torque there would be no transference 
of power between the stator and rotor. The 
necessary torque for power regulation could be 
supplied to the shaft throuj^ a gear with a 
suitable ratio. The secondary side of the gear 
would be connected to an induction motor 
having a hysteresis starter connected in the rotor 
circuit and designed for maintaining constant 
torque independently of the speed. The hyste¬ 
resis starter could be devided into several small 
parallel connected units and the power regulated 
by connection or disconnection of these sectioirs 
of the starter. A unit of this kind would require 
magnetising current of an appreciable amount 
which would have to be taken from the two 
systems. As it would be necessary to provide 
a separate unit, both for power factor correction 
and for generating D.C, the arrangement would 
become more complicated than appears at first 
sight and the cost is found to be higher than 
that of the arrangement fiimlly adopted. A third 
method deserves brief reference as it would 
have fulfilled tbe requirements, but in this case 
it was found to be more expensive*tban the 
system finally adopted. This propo^l embodies 
two units, a main unit and a regulating unit. 
Tbe main unit would consist of a synchronous 
motor running on the Kohlsater system and 
an induction motor running on the Dejefors 
system. The synchronous motor would determine 
the speed of the set and the induction motor 
would accordingly run either with slip, syn¬ 
chronously or oversynchronously in accordance 
with the conditions obtaining at any particular 
timei To obtain the necessary regulating voltage 
to be applied to the' sliprings of tbe induction 
motor a regulating unit would be used con¬ 
sisting of a three-phase commutator machine 
driven by a three-phase induction motor. The 
commutator machine would be built on the 
^herbiuS* system with compensating winding 
and commutating poles, so designee! that with 
48.5 cycles on the Dejefors system and S1.5 
cycles on the Kohlsater system it could generate 








Fig* K Main null. 


the power which would have to be supplied 
to the sliprings of the induction motor to make 
it run oversyiichronously at full output and a 
speed corresponding to 51.j cycles. To make it 
possible to generate the power for regulation 
ft *1 j P«'lodlcity existing at the sliprings of 
the induction motor, the commutator machine 
would be magnetised from a frequency con- 
verier mounted on the shaft of the main unit 
and built as a Schrage machine with D.C. and 
A.C. windings In the same slots. The frequenev 
converter would be fed through three sliprings 
from the same supply as the Induction motor, 
ihe armature is surrounded by the stator without 
slots or winding. Since the converter is so con¬ 
nected that the rotor field moves in the opposite 
direction to the direction of rotation of the set, 
it follows that the field rotates at the slip 
frequency with relation to the stator. A voltage 
IB thus obtained at the commutator which has 
the same periodicity as the rotor nirrent in the 
induction motor. Load and power factor are 
regulated by altering the magnitude and direc¬ 
tion of the magnetising voltage for the Scherbius 
generator and this is done by rotating' the 
moyble brush gear of the frequency con “ertcr. 

The arrangement which, after very Fong lo- 
vestigatlon, was finally adopted as best Ailfilling 

d^cribed below and consists of two units, a 
main unit and a regulating unit. Before treating 
the general working of the arrangement we 

I. Main anif, • 

This embodies four machines Nos. 1-4 at- 
ranged on a common bedplate. 

No. 1. A three-|>hase synchronous machine. 


* cycles. 

3,000 volts giving 500 h.p. as a motel with 
cos flo - 0.9, and as a generator taking 590 h.p 
and giving out 500 kVA at cosT= 0.». ^ 

i^***i®**?^*l® asynchronous machine, 
^ 6-pole for 3,000 volts, 50 cycles 

l?**’*''**k *1 t-p.ro. for an output of 
I .J***!! at the shaft, and 166 h.p. 

declHcally at 330 volts and 12.s cycles at the 

*0 25^ slip. Id certoin 
Mtos this machine can also run as a generator 

suitable slip energy for this purpose. 

No. 3. A compound wound D.C. generator 

hirnished with a weak series winding which 
Ki " ?PPf when running as a generator. 
No. 4. A shunt wound exciter for the syn- 
c^onous machine of the regulating unit, type 

/"P?* 250 r.p.m. This 

machine, although really belonging to the regu- 

J'" •«» on Ihb set beam 
the speed of the regulating unit is subjected to 
considerable variation when .the periodicity of 
the two supply systems changes. 

Accessories to the main unit Include field 
rheostats for the G 27. K19 and TD 71 ma¬ 
chine^ and starters for both TM 104 and K 19 

I? and parallelling. 

On the shaft of the set is mounted an ovet 
Meed centrifugal switch in the release circuit of 
the oil switches for the G27 and TM 104. 

II. The regulating unit 
This embodies two machines. Nos. 5 and 6. 
on combined bedplate. ’ 

No. 5. A synchronous machine, type G23 

** * designed fo^ 
1.43kVA, 330 volts with cos9)-0.9and 750r.p.m. 
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This corresponds to 12.s cycles, but the machine 
is capable of working between 9.9 and 15.5 
cycles with a constant current • of 250 amps, 
and with a voltage directly proportional to the 
frequency, thus varying between 260 and 410. 
The rotor of this machine is of special con¬ 
struction, the field consisting of a single magnet 
core between the two pole shoes. The shaft is 
not carried through the rotor but is divided 
and has flanges which are bblted up on each side. 

No. 6. A compound wound D.C. generator, 
type K16, 80-130 kW at 590-910 r.p.m., 
500 volts, having scries turns which act in 
opposition when the machine runs as a generator. 

The regulating unit is provided with a starter 
for the D.C. machine, the set being started 
from the D.C. side, and a field rheostat for 
regulating the voltage of the D.C. machine. In 
normal service this rheostat is not used and is 
substituted by a Thury regulator acting in the 
manner described later. As in the case of the 
main unit this set is fitted with a centrifugal 
ovetspeed switch acting in the release circuit 
of the oil switches supplying the G27 and 
TM104 machines. 

The whole plant is connected up as shown 
in the diagram, fig. 3. Thus the synchronous 
machine G 27 is connected to the Kohlsater 
system and the asynchronous machine TM 104 
to the Dejefors system. The periodicities on 
these two systems vary by i 3 ^ ahd the 


maximum difference is accordingly 6 ilf. The 
speed of the main unit is fixed by the syn¬ 
chronous machine and is accordingly 750 ±3^ 
r.p.m. The periodicity at the sliprings of the 
asynchronous machine is fixed by a number 
of poles on this machine and the relative speed 
between the stator field and the rotor. 

Frequency at sliprings 


where pa, p», ns, iit, *s and t*, are the number of 
poles, synchronous speed and frequency for 
the asynchronous and synchronous machines 
respectively. 

With i»a “ 50 - 3 ^ periods and 

50-i-3 „ r, is a rain.-9.9 per. 

With 50 + 3 „ and 

»,-50—3;i^ „ nlsamax.-15.5per. 

Although the differences in the periodicity 
of the two supplies are thus relatively small, 
the regul|iting unit is subjected to frequency 
changes and accordingly speed variations of 
approximately + 25 ^ and - 20 jif reckoned on 
the normal value. 

As the same current traverses the rotor of 






the asynchfonous motor and the 
stator of the synchronous motor In 
the regulating unit, it Is cleat that 
when we regulate the load on the 
last named machine the torque of 
the asynchronous motor is also re* 
gulated, and in addition «if we allow 
Hie synchronous motor to run with 
cos leading, the power factor 

of the asynchronous motor is main* 
tained ^ 1, The output of the syn* 
chronous motor is transmitted to the 
D.C. generator K 16 on the same 
shaft which works in parallel with 
the D.C. generator K 19 in the main 
unit, and thus the output of the 
regulating unit and also of the asyn* 
chronous motor can be regulated by 
suitably adjusting the field excitation 
of the generator K 16. This is assuming that 
the asynchronous machine TM104 runs as a 
motor. Should It be required, however, to run 
ftom the Kohlsater system to (he Dejefors 
system the only difiference involved is tliat the 
K 16 runs as a motor, the C 23 running as a 
generator. As the TM 104 then receives energy 
through the rotor sUprings, it generates an 
output P, in the stator proportional to the rotor 
power supplied, since when running either as 
a motor or as a generator the power which 

passes through the sliprlogs*^* Pa (apart from 
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the losses in the machine). The TM 104 thus 
regulates its performance entirely on the impulses 
received from the synchronous machine G23. 
The s^chronous machine connected to KobU 
sater runs as a motor or as a generator according 
as the power taken by the TM 104 is less or 
iftore than^ the power which the two D.C. 
machines generate for the D.C. load. 

Since as before mentioned the speed of the 
regitlating unit varies a good deal under difftrent 
frequency conditions in the two systems and 
as the load on the generator K16 must he 
made to vary so that constant torque is main¬ 
tained irrespective of the speed it will be 
appreciated that it would be very difficult to 
regulate the field rheostat of the K16 by band. 
To overcome this trouble the rheostat in question 
has been replaced by a Thury regulator, worked 
by current and potential transfonners In the 
incoming line ftom Dejefors. The regulator is 
so calibrated that it maintains constant the 
1,200 h.p. which has been contracted for. As 
only 666* h.p. can be dealt with by* the asyn¬ 
chronous motor in the converter set the test 
must be absorbed by direct distribution and it 
is necessary for the attendants in charge of 


Filstampn ^ SyiKhrontsing tamp, Sp$iK PoianHn! ami 

C 4 ifv»it( itansfamwa, PAPtag ■* Stafiar* SCO V LiksitOm * 300 0 OX, 

FJg. 3. 

the plant to take care that the converter set is 
not subjected to tod great a load in the event 
of a decrease faking place in the demand for 
direct A.C. energy. This may happen due to 
the efforts of the regulator to keep the amount 
of power coming in ftom Dejefors constant. 
The current transformer in the Dejefors line 
which supplies the regulator is furnished with 
tappings, so arranged that the incoming power 
can be adjusted oetween 1,000 and 750 kW 
in ten steps. 

It will be clear that with a set of this kind, 
where several machines are coupled mechanically 
and electrically, it is impossible to prevent some 
hunting when load and frequency variations 
take ^ced. In constructing the machines a 
number of arrangements have been embodied 
with' the idea of limiting the mechanical and 
electrical stress which can occur. The D.C. 
macliines are furnished with a weak opposing 
series winding, and In this-way a very flexible 
coupling on to the D.C- system is obtained. 
In thd regulating unit the three-phase motor 
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5» KtcordioR kW-meier in Dtjeiof» line. 
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FiHi 6. KcconlinM kW-meicr in Kokliater line. 


has been made synchronous to allow of satis¬ 
factory power factor correcdon, although an in¬ 
duction motor would have had valuable qualities 
as regards adjustability with rapid variations 
in load and frequen^. In this case, however, 
the synchronous motor is a two-pole machine 
and this design allows of quite a considerable 
amount of momentary slip, without losing the 
advantages of overload- capacity required in 
operation. To avoid giving rise to hunting by 
regulating the unit too rapidly a relatively 
slow acting automatic regulator has been chosen. 
It can be seen from charts taken from the 
recording wattmeters that the regulator works 
with great precision and any necessity for a 
quicker acting regulator has not arisen. 

It has been found that fears with regard to 
causes of hunting were well founded and the 
conditions under which the set has to operate 
have upon occasion been exceedingly difficult, 
momentary variations in frequency having arisen 
which are much greater than those for which 
the set was designed. The set when run'in the 


test room was naturally subjected to S D.C. 
load which was applied and removed gradually, 
but under actual working conditions very heavy 
shocks have been imposed on the J).C. side! 
As a stronger series windlug is fumislied on 
the K16 D.C. generator the set has, how¬ 
ever, always worked entirely satisfactorily as 
will be seen from the report furnished by the 
customers. 

A particular advantage' of the arrangement 
which has been employed Is the simplicity with 
which regulation can be made automatic, the 
regulating all being done by a ^ngle field 
rheostat. Another actvantage of the system chosen 
is that the regulating unit is not, so to speak, 
unproductive hut generates D.C. enern at the 
same time as it performs its regulating htncHons, 
and in this respect the use made of the machines 
is as high as in motor generators in general. 
Power factor adjustment can be carried out on 
both systems through the synchronous machines. 

Starting up ana loading the set is done in 
the following way: 












If the amount of D.C power available Is not 
too low, both units can be started from the 
D.C. Side and the respective machines in the 
main unit parallelled. 

In general, however, the procedure is to start 
up the main unit by means of the asynchronous 

* rotor resistance giving 
25 ^ ^jP to enable the synchronous motor to 
he paralieUed. The asynchronous motor is then 
disconimcted and the rotor circuit switched over 
™ A* storting resistance to the regulating 
togulating unit is then started from 
side, after which the two D.C. ma¬ 
chines are connected to the busbars. The asvn- 
chronoiis motor is excited from the G 23 and 
parallelled, after which the load is taken up 
by diwonnecHng the starter and adjusting the 
field rheostot. Afterwards, the automatic regu- 
lator s connected in the field of the K 16. By 
sniUbly exciting the G23 the desired power 
factor for the asynchronous motor is obtained. 

a very comprehensive 
report has been received from the Customers 
regarding the working of the set and we may 
“ tofgiven for quoting the following 

The set has now been in continuous service 
day and night for a whole year and has always 
worked exceedingly well, no interruption having 
occi^ted in any way traceable to its working.'* 
ihe set has withstood very well exacting 

in frequency, e.g. wheu one of the Dejefors 
power stations h.ns been suddenly shut down 
causing a sudden decrease in frequency on this 
systenf, from 50 to 47 cycles.** ^ 

rk^! further some reproductions of 

“fi'storing kW-meiers in the 
Dejefors «nd Kohlsafer lines. Fig. 4 is a chart 

Itoe^tih! Jn the Dejefors transmission 

toe taken before the installation of the set, the 

adjusted by hand directly 
the turbine governors. Rg. 5 shows a 
stoilar chart after the installation of the set 

load shown a constant 

^ t ^ ** « from a 
kW-meter in the Kohlsater line from which the 


vauable part of the power requirement is taken. 

... *u * «« provided for both lines 

so that the asynchronous motor TM 104 and 
^synchronous motor G 27 can be,interchanged. 
When the D.C. demand is high the TM 104 
K run on thp most loaded Tine so that the 
JS.16 generator is in a position to deliver its 
largest output. 

While the set ^escribed above has to act on 
toe one hand as a converter for the production 
^«r. f supply available 

7u « has, on the other 

hand, the no less important ftinction to perform 
of transferring power ^between the two three- 
phase systems and In this last respect it has 
to make possible the full utilisation of the 
power purchased from one of them (Dejefors) 
svstem*?t event of a breakdown on ibis 

SheT ** ’*** provide for a supply from the 

naturally be possible to secure full 
utillMHon of the power purchased with a more 

f-^* synchronous 

machines direct conpled to a D.C. generator or 

tonvertion were carried out se¬ 
parately - by Mrallelling the two systems dl- 

tr^cow^r*!? purchaser was in a position 
to control the governors of the turbines and 
the regulators in the power suppliers station 
himself a condition which, hoWever, is not 
possible on account of divided interests and 
parHcttlarly difficult from 
a practiMl point of view. In this case also, the 
two systems to be worked together are of large 

separate system 

is subject to ^qdency alterations of its own, 
to^lv^It^s®“cl Ik and accord- 

would be subjSt^ tV sertou^aUd'd^SgiwSs 

The special characterisHc of the arrangement 

k«i * “"I capable of automatic regulation 

hik*’ i.j^ factor on 

both sides is well attended to. 
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THE THEVENIN-PLEIJEL’S THEOREM AND SOME APPLICATIONS. 


The calculation of phenomena which involve 
disturbance ^ symmetry in a three-phase network 
often presents great difficulties, in that it Ls 
necessary cither to make use of she complicated 
methods of calculation which employ unsym- 
metrical three-phase vectors, or else to apply 
Kirchhoff's laws to the cotnplete three-phase 


a 



3 


c 






6 


network witlw separate £.M.P's in each phase, 
whereas in the case of symmetrical phenomena 
a three-phase circuit can be treated generally 
on the same lines as a single-phase circuit. 

Even calculations of symmetrical phenomena 
can, however, be awkward and unwieldy in 
the case of complicated circuits, especially net¬ 
works with several generating stations operating 
in parallel. 

Calculations can often be greatly simplified 
by the use of a theorem which was enunciated 
in 1883 (for D.C.) by the French scientist 
Thevenin. The theorem, however, appears to 
have beeQ generally forgotten until revived by 
Pleijel, who showed that it could also be applied 
to A.C. and to transient pReuomena. 

As the theorem appears, even now, to be - 
very little known, it may not be out of place 
to draw attention to its wide application. The 
theorem is as follows: 

Jhe changes of currents and voltages, wA/ch 
take place in a nSfivork ivAeii tivo points in it 
are connected to one another (whether directly 
or through a given impedance), are identical with 
those wnich would be produced fy an KM.P.i 
introduced in the connection between the two 
points, such that it is at each instant equal to 
that voltage which would have existed between 
the points if the connection had not been made. 

In the case of steady A.C., the expression 
'’at each instant" implies equality in magnitude 
and phase, but if the condition of the network 
is not steady, the voltage must first be calculated 
as a function of time (without the connecting 
lead) before the theorem can be applied. 

The proof of the theorem is exceedingly 
simple. Assume for example that, in fig.-la, 


the points A and B are to be connected by 
the conductor A—C. If. before the connection 
is made, an E.M.F., -e, is introduced in the 
conductor A—C, equal in magnitude but opposite 
in direction to the voltage e between A and B, 
then the points B and C are, as shown by the 
vector-diagram, fig. 1 b, at the same potential 
and may accordingly be connected together 
without causing any changes in the remainder 
of the network. The E.M.F. -e thus neutralises 
any change caused by making the connection, 
cleariy indicating that any change is equal to 
the effect of a voltage +e. 

An essential condition br the validity of 
the theorem is that Inductances and resistances, 
etc, be independent of current and voltam, as 
otherwise superposition of the effect of different 
E.M.F's would not be admissible. Even in such 
a case, however, the theorem can be applied 
with reasonable accuracy, br example by assum¬ 
ing. for the iron in the circuit, a permeability 
corresponding to the final condition, provided 
that saturation effect is not of vital importance 
for the problem under consideration. 

It is readily seen that the theorem is par¬ 
ticularly applicable to the calculation of short- 
circuit phenomena and earth-fault problems, the 
problem in these cases being essentially that of 
the connection of two points previously in¬ 
sulated from each other, this applies especially 
in the case of earth faults, the majority of de¬ 
vices br signalling or automatic release in the 
event of an earth being so arranged that, under 
normal conditions, they carry no curAtt or 
voltage, the changes in current and voltage 
(due . to the earth) as calculated by irteans of 
the theorem are accordingly identical with th^ 
currents and voltages which arise in such devices 
on the occurrence of a fault. In addition, satura¬ 
tion effects are in general of minor importance 

o Vlg-J. 

for cases of this kind, so that It is not usually 
necessary to consider the above-mentioned liinita: 
tion of the validity of the theorem. 

The use of the theorem is, however^ not 
restricted (o the calculation of disturbances in 
the system. For instance, the current distribution 
in a network can very often be very simply 
calculated by first assuming one conductor re¬ 
moved and then calculating, by means of the 
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theorem, the changes which would occur, if the 
conductor is reconnected. The examples given 
below are intended to illustrate the application 
of the theorem to problems of different kinds, 
a) When calculating the short-circuit current 





in a network with several generating stations 
operating in parallel, the combined effect of 
the machines may be replaced by an E.M.F. 
operating at the poLtt of short-circuit and the 
generators then represented by their short-circuit 
impedances. 

The case shown in fig. 2 a, with three gene¬ 
rators working on one set of •'busbars*', is 
changed by this means to the equivalent diagram 
shown in fig, 2 b, which can be very simply 
calculated by ordinary series and parallel con¬ 
nection of impedances. 

b) The calculation of earth currents is reduced, 
independent of the number of generating stations, 
to the calculation of the currents due to an 
E.M.F. between the earthed phase and earth, 
equal in magnitude to the voltage to neutraL 

In this way we obtain, for a single outgoing 
line with earthed neutral at one end, the equi¬ 
valent diagram shown in fig. 3 a. In practice, 
however, even this can, In most cases, be simpli¬ 
fied in the following manner. 

It is evident that the supposed EM.F., c, 
does Iwt cause any difference in potential 
between the two phases which are not faulty 
and thdse can accordingly be combined in one, 
«s shown Jn fig* 3 b, In most cases earth currents 
are so small that the yoltage drop which they 
«use in the lines can be neglected. The voltage 
between the two phases In fig. 3 b Is thus so 
low that, while connecting them together ccr- 
tainly causes alteration in the currents of the 
individual phases, yet no noteworthy alteration 
Is caused to the currents to earth, i.c. the un¬ 
balanced current In the lines. By "unbalanced" 
current is here understood the vector sum of 
the currents in the three phases. 

The altered current distribution is, in general 
of no importance, since earth leakage protection 
is usually based on the measurement of the 
unbalanced currents and of the pressure between 
the neutral point and earth. Further, since both 
Aese ate normally sero, the equivalent diagram 
for alculation of the changes in state gives 


The equivalent diagram for the above thus 
appears as shdwn in fig. 3 c, It will be seen 
that it closely rc.scinblcs the diagram in fig. 2 b 
for calculation of short-circuits Tuit is simpler 
in so far that, in the case of earth faults, atten¬ 
tion need oitly be paid to those generating 
stations which have earthed neutrals. Further¬ 
more one can usually completely ignore the 
voltage drop in the lines, which means that in 
the event of several earthed neutrals the in¬ 
dividual current corresponding to each earthing 
point cm be separately calculated and the results 
.superimposed. On the other hand with calcula¬ 
tions regarding earth faults the capacity of the 
line must be taken into account, which obviously 
complicates the problem. 

In special cases, such as a network with 
Petersen colls, it may be desired to investigate 
the effect of line and transformer reactances 
and it is then of course ncccs.sary to work 
from the diagram in fig. 3 a, but even this 
gives apprwlably simpler calculsttlons than the 
ordinary direct method. It is, however, outside 
the range of this article to go further into the 
theory of such problems. 

c) It follows from the Tbcvcnin-FIcijcl theo¬ 
rem that the current through a given conductor 
in a network cm always be expressed by 

Z + Zk 

where e* is the voltan which would exist 
between the points which are connected by 
the conductor if the conductor were removed, 
Z is the impedance* of the conductor and Zt a 
constant depcndet\t on the remainder of the 
network, which constant can be calculated if 
it Ls possible to calculate the value of i for 
the CISC where 2-0. If the current is in this 
case 4, then 

Zt--^ 

It. 

This is easily provctl as follows: 

It is clear that, in accordance with Thevenin's 
theorem, the current // 

in the conductor is 
equal to that current 
which would arisen Q 

ife, were connected 
in the conductor in 
question. The cur- 

rent caused by e, . 

in the remainder of '-' 

the network and, 

consequently, the * 

sum also of the currents Bowing to the ends 

of the conductor, which is equal to the current 
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in the conductot, are obviously proportional to 
the voltage between its two ends, e’^eo—iZ. 

It is ’therefore possible ^o write 
to - iZ 

where Zy is a constant, from which 



^ Ok. s. 


In many cases tf« and iy can be calculated 
by sithple methods and tlie solution of the 
problem eas||y follows. As an example a net 
resembling a Wheatstone bridge may be chosen 
as this is a type which often occurs. With tc> 
sistance values as given in fig. 4 the following 
method is followed in calculating, for instance, 
the current in A^B: 

1) With the conductor A—B removed the 
following are obtained: 

Resistance of C—D: • — 6 

Voltage C-D:^e-0.6e 

* 3 

Voltage C—A: • 0.4« * 0.w e 

12 

Voltage C—B: yj • O.s e — 0,« e 

e» “ 0.48e-0.tte -»0.»« 

2 ) With A and B directly connected the fol¬ 
lowing are obtained: 

7*3 12 *3 

Resistance of C—D: -jy + ■ •“ 2.i + 2,4 = 4,s 

Current in C—D: •§- 

0.5 

12 e 

Current in C—A: 

3 6 

Current in A—D: jq* 

• J. 

'* ” \15 lOl 8.5 17 

f* - 5.1 


3) For the actual network the following are 
obtained: 

. e, to j_ 

6+5,1 “ 11.1 “37 

Complete details o^ the current distrubution 
can be obtained, if required, by calculating the 
difference between the currents obtained &om 
1 ) and 2), reducing them in the proportion l/iy 
and adding the reduced difference to the currents 
obtained nrom 1). For instance, for the con¬ 
ductor C—D, this gives: 

from 1) “ O-ioo c 

c 

from 2) It“ s-’" 0.ii8 e 

^/s-/,)-0.co»e 

I — O.itt e 

d) It has often been proposed to measure 
the voltage to earth of the neutral point of a 
three-phase net by means of a potential trans¬ 
former connected between earth and the neutral 
point of three other Y-connected potential trans¬ 
formers (Fig. 5 a). In the event of an earth the 
diagram is as shown in fig. 5 b, which shows 
at once that the voltage across the neutral point 
transformer is 



The voltage so obtained accordingly depends 
on the size of the impedances of the trans¬ 
formers. These in their turn depend partly bn 
the saturation, which can be quite dimrent for 
the different transformers, which makes any 
calculation of doubtful value. In addition phase 
displacements can easily arise, so the arrange¬ 
ment is not one to be recommended. If, how¬ 
ever, the three Y-conneeted transformers are 








replace^ by a three-phase transformer of the 
core type the method can possibly be utilized. 
On account of its design such a tral^sforJner 
offers a relatively small impedance to currents 
of equal magnitude in each of the three phases, 
/.e. Z is small and c' approaches e. 

e) By the connection in Y of three equal 
resistances (Fig. 6 a) it is possible, in a three 
phase net, to obtain currents which are pro¬ 
portional to and in phase with the correspond¬ 
ing voltages to neutral. It is, however, some¬ 
times desirable, for example when it is desired 
to use this cottnectiou for a single-phase watt¬ 
meter or wattmeter-type relay, to be able to 
control the size of the current by regulation of 
of the resistances. It is not, however, necessary 
to regulate all of the resistances, but is suffi¬ 
cient to resulate one of them (fig. 6 b). The 
current in this variable resistance can then be 
easily calculated as follows: 

If the circuit through the Vtiriable resistance 
is opened (fig. 6 c), the voltage «• between the 


points 0 and 1 is clearly equal to the height 
of. the voltage triangle, i.c. 



where c is th^ line voltage. It Is obvious that 
Ca is in phase with and proportional to the 
voltage to neutral Ci for phase I. 

If the variable Resistance now be connected 
in, the voltage «« will, according to fig. 6 c, 
cause a current to pass through r which, if the 
Impedance of the source of supply be neglected, 
can be. directly calculated as 


4. 





The currents in the two resistances R arc of 
course not in phase with their respectivi: phase 
voltages, but this is not of importance for the 
case under consideration. o 


lyar HerUtz. 
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MOTORS FOR "D” CLASS LOCOMOTIVES QF THE STOCKHOLM- 
GOTHENBURG RAIL^^AY, SWEDEN. 

C l L ***'^ ^ o/ IA« £l«rH0fm-6iMhfnhuy ulAraxA t. 

* phase motors have only been used oh Jn ibis atlicle we shall brIeHy run over (he 
IkST * Minparljively short lime; development the single phils^ motor - the 

niarorl t i *^*^*^‘^P*****'* .miist Be scrtes motor only *— since a review of the dlffi* 

placed exclusively within the present century, culties which had to be contended with at fi»t 



n#. «. (.«0 b.p. pufoifc, «a ROO& bcomotin dm D fcr Shid(bohi-^Gelbenb«i|t Uue. 


*^hat they have reached a high state of excel* 

*? *** »««y well be 

ascrib^ to the rapid advance which has taken 
place in electrical machine design in general 
since experience obtained with one class of 
machinery can be more or less applied to another 
rass which is, after all, closely allied with It. 
The fact that D.C. railway motors had been 
constructed for about 20 years when the first 
practial single phase motor for railway work 
was built was of very considerable help, par¬ 
ticularly as regards the mechanical construction 

!If Lk 1 ^** extent guite clearly settled 

TOht from the neginniag. It was very soon 
lound that as regards the electrical parts con- 
slderable departures had to be made D.C. 
motor pmctlce, but in spite of this it took an 
ajpprcciable period, at least 10 years, before 
Inc correct principles of construcfloa began to 
emerge clearly. ® 


gives a very good idea of the motor itself. 

At the commencement, it was known that the 
direction of rotation for a D.C. series motor is 
not changed when the current supplied to it 
changes poLirity. This Idea' led at once to an 
attempt to work suchr a motor with A.C. and 
for ^ this purpose the field magnet was made 
laminated in order to avoid excessive iron losses. 
A large number of difficulties were, however, 
Encountered, the motor gave rise to an excessive 
lag in the phase .ingle and sparking occurred 
at the brushes to an excessive extent. What 
were the causes of these faults? 

first, as regards the low power factor this 
was obviously caused by the high self-induction 
of the motor which, it must be remembered, 
was made for the first attempts very similar to 
an ordinary D.C. motor which possesses con* 
siderable self-induction, both in the field winding 
and also in the armature winding. The other 
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Fig. 2« General arranj^cmtnl dcawtnn of locomotive clau D» 

chief drawback, practically elimiDatcd by a so called compen* 

the bad com- sating winding, Le. a winding on the poles, 

mutation, was coaxial with the armature winding, which by 

caused by the being connected in opposition to me armature 

pulsations of winding neulraiises the self-induction, * 

the main field 2) By suitable design the number of turns 
giving rise to on the magnet poles was reduced to*the least 
so called trans- possible, thus reducing the self-induction of tne 
former volt- field winding. 

ages, or more 3) Conductors of high resistance were con- 
correctly large nected between the armature winding and the 

currents, caus- risers of the commutator so that short circuit 

ed by these currents in the brushes were reduced to a rela- 

voltages in the tively safe value. 

armature coils The value of these arrangements can perhaps 


short circuited by the brushes, so that every 
time a segment or the commutator left the brum 
a considerable current had to be broken giving 
rise to an excessive spark. 

The discovery of a method of overcoming 
these difficulties, wholly or partially, is due to 
B. G. Lamme of The Westinghouse Co. who 
in 1902 was able to announce that he had con¬ 
structed a practicable scries motor for single 

1 >base A. C. Lamme's motor embodied the rol- 
owing new features: 

1) The self-induction of the armature vns 



Fig. 3. Acrangonail of tMot wimNi^ib ttagU-pbaM tcti(t molOT, 
K •» toniwnMling wiikB y. ^^Kju|^»»witiiH»g viailiiig. 











































































































































































4. Affangcmcnt^^Murc wJndiM In «fiu|le.ptiaf« into 
motor* typo 136* 

b* judged best if we took forward about 25 

ilfo”**!?. tl'M an<l see what is now 

Jett of them in the single phase motors of to-day. 
As a modern motor we may well examine the 
motor which at the moment is of greatest interest, 
namely that which is used on the locomotives 
handling traffic on the Stockholm-Gothenburg 
Railway in Sweden. It will be first noted that the 
^***<**"8 ‘s retained and that the 
held winding has relatively few turns. The high 
resistance conductors have, however, disappeared 

mi ** *PP“' ***** expSience 

*A*^*‘^*'”*|"* ^** ?®* altogether satis¬ 
factory. Achially what has happened is that, at 

SldL*?!! »!»«« |»as been a general 

u! t of 16*/, for mllway 

work, which has made it possible to construct 
motors wlthou* such resistance connections and 
stHJ obtain a motor which does not spark badiv 
when itatling. The resistance connections are 
now practically universally done away with but 
in their^ place another idea has been adopted 
gamely wromutating poles. If we look at a 

S! m'? ^P’ we find that between 

Is P®*“ s®«** Pol«s *re placed, the funcHon 
of which is to overcome the self-induction or 
bmakine voltage which occurs when an armature 
coll, which has been short circuited by a brush, 
leaves the brush i.e. is open ciraiited. What 


occurs is that the current in the coil has a certain 
direction immefliately before the coll is short 
circuited by the brush and that this direction 
is revemed after the coil leaves the brush. The 
reversal of the current is made difficult by the 
self-induction rf the coil and the idea of the 
auxiliary poles is to Induce In the coil such a 
voltage that the actual break may be sparkless. 
Freciselv the same^hing exists with single phase 
motors but in addition the transformer voltage 
previously referred to arises so that the com- 
mutating poles must also overcome this voltage. 
Between the transformer voltage and the cur- 
voltage tbelrn is a phase difference 
ot 90 which means that at the instant when 
one voltage is zero the other has reached a 
positive or negative maximum. The commu- 




Rs- f> Oi«si«m thowing camK«ti«w of 
wtedlngt Iq figf. I ftnA 2. 

A ffrmatiire* K » «(MtpciifaiiQ|^ wiMthig. 
Kp » <OMiwihUfog ivtadiAg. 

M « Stikl fHnAng. 


6. Pinlshcci itAior coiv for tJiiglc»phaM series motor type KJ 136. 


tatiiiff field miist| theteforei have two corres¬ 
ponding components, one in phase with the 
arma-ititre current and one lagging by 90® or 
otherwise expres^d the resuftant commutating 
pole field must .lag behind the current by an 
angle of approximately 45*. For this a special 
winding for the commutating poles is required 
and many dlfcrent arrangements have been 
tried but it will be found that in the long run 
only one has survived; this Is quite simple and 
IS ettacted by shunting the commutating pole 
winding by a nsistance with suitable self induc- 
Hon or very often noninductive. 

By this arrangement full compensation for 

'?''*“** ^‘i***«*' ** *** 

for the transformer voltage (theoretically) only 
at certain speeds, and for certain currents, 
j ®®^**'**‘l- Practically the compensation 

is complete over a very large range except at 
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Iri9« 7* rotor euro with eomarotalor for 8ingle*t»bAie icHes motor typelKJ 13o* 


s(andsrill where the transformer voltage is en> insulation on the conductors is of cottort- and 
(ircly uncompensated and we have to depend all windings are insulated against the iron by 
entirely on the brush resistance. This resistance an insulating material composed chiefly of 
cannot be allowed to exceed a certain limit, mica. The finished wound stator is dried and 
from which it follows that the motor is so con- treated with varnish in the ordiiury manner, 
structed that the transformer voltage, although (See fig. 8). 

causing a certain amount of spacing during The armature may be considered to be the 
starting, is not sufficiently great to damage the • most difficult part of the motor from the point 
commutator and windings. From what we have of view both of manufacture and maintenance, 
said it also follows that it is not to be recom- It is clear that an armature built on the same 
mended that the motor should be first held by principles as a D.C. armature and running with 
the brake and full-load current or more allowed a maximum peripheral speed under full load 
to flow. conditions of 57 ro/sec. must receive all possible 

The stator (Rg. 6) for the D class of loco- care in design and manufacture if it is^to wlth- 
motive motors is built up*ffom insulated rings stand the variations in load and vibrations to 
of sheet steel, 0.j mm thick (so called dynamo which a railway motor is exposed. One of the 
sheet) which are held together on each.side by problems for these motors was to^.obtain tile 
steel press rings drawn together by steel clamps least possible losses in copper and iron as these 
let into the sheet and rings. The rings arc ma- ' always increase at the higher speeds and lai^e 
chine finished on the outside to exact sixe so losses give rise to high temperature rise. This 
that they fit into* the corresponding bore in the was secured, as far as possible, by a special 
housing. The three statbr windings, the field dividing up of the conductors but calculations 
winding, the compensating winding and the showed that in any case the temperature which 
commutating winding arc each placed in their the machine would reach under conditions of 
own specially shaped slots. The field and com- maximum output would be too high (or normal 
pensating windings are made in coll sections insulation. As the temperature could, not be re* 
which arc finished and bent but not completely duced there was no other remedy than td make 
Insulated and arc drawn in through the slot the insulation such that it could withstaim the 
openingSi while the commutating winding is heat developed and on this account a mica asbestos 
wound from’ wire in a single length i.e. a draw* Insulation has been adopted. This Insulation has 
in winding. This last operaHon is a little diflli* been shown by experiment, and also by ex^ 
cult but is none the less necessary as the wind- pericnee extending over 10 years in other elcc* 
ing only extends over a single tooth on the trical machinery, to be satisfactory up 
core and the slots are semi*closed. Each of die 160^ and reduire^ very considerable will In its 
stator windings is connected In 12 parallel application if It Is to give satisfaction, but if rroin 
groups to circular equalizing connecllo'hs. The tne beginning a very high standard of work* 
















8. Completed ttator 411 J rotor for iiiifile«|iliate terlet motor type KJ 13^ 


manship has been insisted upon the additional 
costs due to its use need not be excessive. 

The armature coils ace so arranged that one 
part which lies at the bottom of the slot is of 
solid section, while the upper part Is divided 
into three sections crossed over at two points 
m the^sloti ^ that each section occupies three 
diiterent positions in the length. By this means 
the stray currents caused in the conductors by 
u?' magnetic field are reduced consider¬ 
ably. In the Tower conductor under all condi- 
lioiw only very slight eddycurrents are induced 
so that can be made solid. The upper and lower 
conductors are joined by a rivet and sweated 
up, using silver solder. After the copper con- 
dttctcm have been so treated, micanite paper is 
introduced between each seclion of concluctor 
in the upper part, after which the whole con¬ 
ductor is wrapped round with a tape of the 
«mie material. The four coil parts which Ue 
beside one another In a slot are placed to- 
getber and the part which lies in the slot is 
given a covering of approximately 1 mm thick 
mictn te paper insulation which is baked in a 
^ecially heated mould so that exactly correct 
dimensions are obtained. The whole coU is after- 
wards wrapp^ round with asbestos tape which 
has previously been impregnated, after which 
it K ready for placing on the armature. All 
surfaces which have to be soldered arc of 
course previously tinned. 

As previously mentioned, the armatOre wind¬ 
ing is a topical D.C. winding and may be 
"’.T f?*'**^ described as a parallel winding 
With 12 parallel circuits. To prevent more or 


less heavy equalizing currents passing through 
the brushes In the event of unsyminetrlcal cir¬ 
cuits, there is at the back of the armature an 
equalizing winding which is connected to every 
alternate armature conductor and this is also 
insulated with mica (see fig. 4). 

The armature conductors are soldered direct 
Into the segments of the commutator without 
the use of separate commutator risers. In this 
way the winding is compet and rigid, easy to 
protect against damp and dirt, while the points 
at whidi the soldering is carried out are sur- 
rminded by an adequate amount of copper, 
^is is of imporiancS since, when starting, the 
local currents which occur might otherwise tend 
to heat up the soldered joints. A drawback to 
this type of winding is certainly that not only 
putting the coils in position, but also the sol¬ 
dering requires the very greatest care and skill 
on the part of the workmen but as In this case 
we were aware of the' fact and as our workmen 
»n used to carrying out jobs of a similar nature 
entirely satisftetory. 

jje armature core (Gg. 7) is mainly constructed 
in,the same way as the stator; the same cote plate 
is used, i.e. after stamping the ftator rings the 
centre has been used tor the rotor and the rotor 
plates punched from It. The finished rotor core 
plates are placed oh a steel rotor spider, a suf- 
hetent number being used to give the correct 
length of core. The plates are then placed 
between ^o end flanges, of which one rests 
against the shoulder of the rotor spider and 
»e other, which is placed in position last, is 
drawn Up to the first by bolts. The spider has 
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Fig. 9« l.oc<utto4ive clatt D In pMfcager servlet* 


a cylindrical extension upon which the com- brakes full on etc., no movement whatever of 

mutator is forced. the .spider, relative to the shaft, can be allowed, 

As regards the mounting of the spider upon and the briction between these two parts must 

the shaft it should be noted that even with the be so great that the spider is absolutely firmly 

highest torque which can occur, /.e. with the fixed. If any movement should occur from any 



Fig. 10. focoaietiv. cImi D In fcelihl Krrte.. 















80 


ASEA-IOURNAL 



Pfg* 11. Brnsfa focker. 


cause, It would be absolutely certain that It 
would be repeated and would then occur with 
increasing frequency until the spider became 
quite loose on the shaft, and a key would not 
be of any great help but would only serve to 
lengthen the process a little. Since the spider 
must be fimly held by friction alone, a key is 
superfluous and in the case of these motors has 
actually been omitted. The greatest tangential 
stress which can occur at the periphery of the 
shaft is approximately 18 tons (when pulling 
up the engine) and the pressure used for for¬ 
cing on the spider is approximately 160 tons 
i.e. a etress of 160 tons af least at the shaft 
periphery is necessary to torn the spider on the 
shaft and this figure represents a satisfactory 
ufetor of safety* 

The commutator consists of hard drawn cop. 
per having a hardness number between 90 and 
100 and the insulation Is as usual of a mica 
preparation* The assembled clamps are subjected 
to a special treatment before the commutator 
is machined and this, together with the treat- 
ment ens a whole, ensures that the commutator 
is able to withstand the highest temperatures 
^curing in practice without any measurable de¬ 
formation. In general, no departure the 
circular form exceeding 0.<» mm has been ob¬ 
served and this magnitude lies well within the 
limits of Accuracy for such a part The mica is 
scraped from between the segments of the fi- 
alshed commutator so that it Ties about 1 mm 
selow the surface, Thb operation rourf be done 
sxceedingly carefully so that, for example, no 
nica^ ls allowed to remain between the edges 
of the segments: these finally receive a light 


grinding and polishing, intended to remove all 
roughpess. Scraping, carefully carried out, helps 
considerably in giving the commutator, a long 
life but if badly done gives rise t«^ rapid spoil¬ 
ing of the wearing surface with the result that 
the motor must, very soon be overhauled again. 

An important detail is the brush gear, to¬ 
gether with the brushes. These have to convey 
current to the anpature with as little disturb¬ 
ance as possible, i.e. they must be able to 
allow the brushes to adapt tlwmselves to the 
comnt^utator surface without difficulty. In allow- 
jog this there roust, of course, not be excessive 
brush pressure which wi5uld give rise to high 
frriction losses, and consequently a hot commu¬ 
tator. To ensure that the brushes will follow 
the commutator surface and accomodate them¬ 
selves to small Inequalities without employment 
of excessive brush pressure, we have adopted 
a brush holder wllh double springing, having 
a movable intermediate piece having a certain 
conducting the current fwom the brush 
to the bus conductors through the brush holders 
a special carbon clamp is used which closely 
resembles an ordinary knife contact. The carbon 
clamp is insulated outside with fibre and a 
nexible tali with a cable socket is riveted to It. 
The other end of the flexible tall is terminated 
by a plug contact which is placed in a corres¬ 
ponding spring socket in the brush holder, The 
current handled by each brush is fairly high 
and it is accordingly of great importance when 
assembling that the brush clamp is firmly fixed 
on the brush, since otherwise the heat developed 
at the contact surface would rapidly destroy the 
temper of the metal and the clamp would be- 
come loose or be bdrnt« 

<**scrve a special chapter to 
themselves. After many years of experiment in 
many directions, we finally decided on a carbon 
containing a considerable amount of graphite, 
which is produced by heating ordinary carbon 

In special electric furimces. TMse brushes have 
0 



FIf. 12. Bnob holder and brashes. 
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question, namely 830 h.p. at 730 r.p.m. and of 
relatively small dimensions must naturally, be 
provided with arrangements for forced cooling 
and this is provided by a separate fan unit 
carried on the motor frame. Each motor has 
its own fan and the two fans are driven by a 
common fan motor which is also a series motor 
with windings arranged very much as in the 
case of the main driving motors. 

The ventilation is arranged as series ventila¬ 
tion i.«. the air is first forced over one end of 
the stator and from there is led over the stator 
Iron out over the commutator and is returned 
through the Inside of the armature out to the 
open air through air ducts. The cooling of the 
armature is thus to a great extent dependent 
on cooling from the inside of the core and 
this method has been shown to be exceedingly 
Active. It also has the advantage that the 
ivindings can be completely enclosed, which is 
particularly valuable as these rotors quickly 
become covered with coal dust, etc. 

The performance of a D class locomotive used 
for passenger service can be gathered by the 
curves in Mg. 13. With 390 volts per motor the 
machines can develope for one hour a total tractive 
effort of 6.S tons at the periphery of the wheels 
without the maximum temperature rise in the 
windings exceeding 100“ for the rotor and 70 for 
the stator, and with the same temperature rise they 
can continuously give approximately 4.8 tons. 
The corresponding speeds are respectively 65 
—75 kn^hour, the maximum running speed 
being 90 km/hour. Starting cold, the machines 
can give approximately 10 tons tractive effort 
at about 58 km/hour for */< hour. The maximum 
starting effort is about 12.s tons. To be able to 
judge how an electric locomotive is fitted to 
dtal with \ certain train, in accordance with a 
given time table, it is necessary first to have a 
load diagram for the motor /.e. a diagram 
showing how many amperes the motor takes 
allowing different times for running a given 
distance. From this we have to calculate how the 


temperature rises with the different times in 
Older lo determine when a maximum tempera¬ 
ture rise will be reached and what this, tempe¬ 
rature rise will amount to, Sevejsal running 
diagrams of this nature have been made for 
the Stockholm<pGothenburg line and they 
have all resulted In an estimate for the greale.st 
temperature rise in the armature winding some¬ 
where between 905-100“ thus a value which 
is quite siUowable. This corresponds to an 
express passenger train weighing approximately 
500 tons. 

It is possible that the present article, which 
has described the. devefcSpment of the motors 
and the difficulties encountered, may give the 
impression that the locomotives which we^ are 
especially considering are somewhat delicate 
things and costly in maintenance. This Is ac¬ 
tually far from being the case but when handling 
these machines, which differ so considerably 
from Ute steam locomotives formerly in use, it 
is necessary to start on a correct basis. If this 
is done there is no doubt that the maintenance 
costs will be exceedingly moderate so that the 
arguments which now exist for extended electrifica¬ 
tion of the State Railways, and other privately 
owned lines, will be further strengthened. 

Since this paper was prepared the locomotives 
for the Stockholm—Gothenburg railway have 
been in regular service for nearly two years. 
During that time the reliability of the motors 
as well as of other electrical and mechanical 
parts has been clearly established and it is not 
too much to say that all .calculations and esti¬ 
mates agree very well with figures fpund in 
practice. Although it may be too early lo judge 
the maintenance cosft, experience has shown so 
far that these arc very moderate, which is the 
more noteworthy from the fact tliat the operation 
and maintenance of the electric material from 
the beginning was taken over by the old staff, 
which for natural reasons could be given only 
a short training before beingf placecT in charge 
of the electric service.' 



SWITCHGEAR OF CLASS D LOCOMOTIVES FOR STOCKHOLM- 

GOTMENBURG LINE. 


'When the power of an electric vehicle is 
very hiKh, as in the case of an electric loco¬ 
motive ror use on a main line^raitway, a simple 
controller handling the main current, as com¬ 
monly used on tram cars, is no longer suitable 
for operation. The regulation of the motor 
current, in the case of large locomotives, is 
usually carried out indirectly by contactors. 

The switchgear equipment of the locomotives 
for the Stockholm—Gothenburg line includes a 
large number of sefliirate pieces of apparatus. 
Th^ main part of the equipment is made up of 
the motor contactors mentioned above, which 
are 18 in number and are used to supply the 
motors, with the desired voltage. 

To this must be added gear for the motor 
and transformer ventilators, compressors, train 
heating apparatus, overload relays, lighting 
changeover ^switches, air pressure governors and 
pneumatic circuit breakers, brake valve with 
time delayed connection, certain drum switches 
for various apparatus, control cutout, current and 
pressure transformers and a panel with fuses. 
All these various items are collected together 
and mounted upon a common framework. 

Beyond the above apparatus frame, we have 
the oil switcli and near to this the short cir¬ 
cuiting arrangement, further parts ace the re¬ 
versing switch, the controllers (one in each 
driving cab), a valve for closing the oil im¬ 
mersed circuit breaker, and, in each driving cab, 
a lightipg panel. The last is made up of fuses 
and switches for lighting and heating. Lastly, 
in each driving cab am two ammeters and one 
volt meter. 

A battery for emergency lighting Is housed 
in the machine room. On the roof are mounted 
the current collectors, two isolating switches, 
two air and one high tension leading through 
insulators, and hf^o bead lamps, one at each end. 
Under the locomotive-afe the electrical connec¬ 
tions for the control current, the train heating 
and testing. In addition, at different parts of 
the locomotive ate placed terminal boards for 
joining up the various circuits. Beyond these 
there ate also some resistances for heating and 
several lamps and plug contacts. 

If the connection diagram, fig. 1, is referred 
to it will be possible to see how the different 
parts ate connected together. 

The current is taken from the overhead con¬ 
tact line by the collector, and passes through 
the high tension leading through insulator, and 
thtou{^ the main oil switch to the high tension 
winding of ^e transformer. The voltmeter in 


the driving cab indicates that pressure is on 
the transformer, The next operation is to put 
the reversing drum of the master controller In 
the forward or reverse position. This operation 
causes several connections to be naade simul¬ 
taneously. Control current is transmitted to one 
of the operating coils of the revetser, corre.spond- 
ing to the desired direction of running. The ven¬ 
tilators and compressors receive current through 
their respective contactors. The coil of the beat¬ 
ing circuit contactor may also be energised. 
There are interlocking devices between the main 
controller drum and (he reversing driun, and 
between the reversing drum and the push buttons, 
which serve to give remote operation of the 
main oil switch. 

EvcryHilng is now ready for starting the 
locomotive. This cannot be done unless the 
reverser Is in its proper position. An interlock 
ensures that the operating coil of the ventilator 
contactor is not energised until the reverser is 
properly closed in one of its positions. The 
control current Hows from F or B to the reverser 
fftiget N and from there to the ventilator con¬ 
tactor. Auxiliary contacts on this relay connect 
the return conductor for ail the main contactors 
to earth, and it is onlv now possible to elosc 
(he main contactors when voltage is applied 
to their onerating coils from the controller. It 
will' thus TO seen that the ventilator contactor 
also acts as an interlockiim relay, although this 
is not its only auxiliary ronction. The current 
in the coil of this contactor is also passed^tbrougb 
the overload relay in the motor circuit so that 
in case of excessive current in the noettor circuit 
the motor contactors are released. Tj>e ventllatbr 
contactor serves further as a no volt relay. This 
means that an interlock is provided which makes 
it impossible to close the contactor in any con¬ 
troller position, but when a new start is made 
and the main contactors must be closed one 
after the other, beginning with Nos. 1 and 3. 
The operating current for the coil of the ven¬ 
tilator contactor is accordingly taken through 
contacts and segments in the first position (Vs) 
of die controller and in the zero position. This 
arrangement of the conductor has the ^rthcr 
ftinction of preventing overload release In the 
motor circuit and release by the pneumatic switch 
in the first position (Vt) of the controller. As 
will be .seen from the diagram, the return con¬ 
ductor ft runs from the coil of the ventilator 
contactor direct through (be contacts of (be main 
and reversing drums of the controller to earth. 
This arrangement has been adopted to facilitate 
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Fl|(« IntnUtor foe competiMd alt iupply. 

opetaHou when the locomotive 
is used shunting purposes. 
By releasing the handle on the 
controller (dead mans grip), the 
motor current can be broken. 

This^utlon is connected with 
intulator. a sliuing contact in the con* 
troller, through which the supply o£ operating 
current to the motor contactors is lead. If this 
is used, the no volt relay does not 
act but still reconnection of the ope* 

rating current can only be made in ^_ 

the zero position. In all other po* 

sitions reconnection 1$' prevented by / 

a mechanicai interlock in the con* 

troller. Thus, if the ventilator con* / / ^ 

tactor is closed we can begin to run. /TT T'" 

In the first position (V») of the con* 

trolleri contactors 1 and 3 are closed 

and the motors obtain current from \ 

the 168 volt .tapping on the low ‘ 

tension winding of the transformer. ^- 

Due to the effect of a choking coil, I 

the voltage which is supplied to the ^ 

motors is, in this position, rather 
less than the pressure at the trans* 
former terminals. Tha current passes through the 
rotors, compensating and commutatins wind¬ 
ings, through the te* 
verser to the field 
windings and from 
there returns through 
the reverser to earth, 
and from there back 
again to the trans¬ 
former through the 
earthed end of the 
transformer winding. 
Depending on the 
position of the ce- 
verser, (forward or 


ing to the motors the voltage which is required 
to give the desired speed. The function of the 
choldng coil is to divide the voltage between 
the transformer tappings and to obtain transition 
between transformer tappings without current 
interruption. The motors are thus supplied not 
only at the voltages of the transformer tapp¬ 
ings but also at two additional values of pres¬ 
sure between each tapping, altogether 16 steps 
being available. 

The interlocking contacts which are fitted on the 
contactors and operate simultaneously with the 
main current contactors,.are intended to interlock 
the contactors, which should not close together 
and prevent short circuits between transrormer 
tappings and] overloads on the choking coil. 





Fig. 5* RttltMe wtchanisiii oil iwitch* 

The interlock provided differs from that fitted 
to eariier locomotives (classes Od, Pb and Of) 
in that at least a proportion of the retifirn leads 
of the contactors are interlocked alternatively, 
progressively or retrogressively. In this manner 
the contactors are combined in spiaU groufis 
with a common interlock between them con¬ 
nected in a definite manner. In this way the 
total number of interlocking contacts is reduced 
and at the same time the di* 
stribution of the interlocking MggMgagmtk 



Fl8» 4« Oil ywltcli. 


transformer winding, contacts is more even. 
Depending on the A point of great merit about 
position of the re- the new arrangement of in* 
verser, (forward or terlocking is that by altering 
reverse), current is the number and kind of the 
supplied to the field groups (odd oj even groups) 
windings in one di- the distribution of the auxi* 
rection or the other, liary contactors can be altered 
and the rotors turn practically at will. This effects 
in the forward otre- the metlmd of interlocking in 
verse direction. Die general. The object of the in¬ 
controller may be terlocking Is, of course, to 
turned further, step prevent two contactors in the 
bv step, thus* supply- Same combination being closed 


rection or the other, 
and the rotors torn 
in the forward or re¬ 
verse direction. The 
controller may be 
turned further, step 
by step, thus* supply¬ 


Fig. IL Air vvtssara 
tovcfoor m oil 
fwitdi« 
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together. Such contactors 
are alv^ays three which fall 
In order, f.e. 1, 2, 3—2, 
3,4~3,4, 5-4, 5,6. The 
interlocking contactors ate 
partly placed in the leads 
to 4he operating coils and 
partly in the returns. All 
contactors which only 
provide interlocking for 
a definite contactor over 
one or several others have 
been placed in the supply 
lead to this particular .con¬ 
tactor and nave been de¬ 
signated with the number 
of the operating lead 
(controller lead) with an 
index, e.g. 6' — 6A — 
6B - 6C. 

The interlockii^ con¬ 
tacts which interlock se¬ 
veral contactors in com¬ 
mon over several others 
must of necessity be placed 
1 ^ in the return conductors. 

7, COQlfOlKr* % A t a J 

These ate only designated 
by figures beginning with 101 so as to denote 
clearly their general character. 

The conductors in the above case are divided 
into four groups. 

The first group, contactors 1—6, in the return 
conductors are interlocked only progressively over 
5—18 (contacts 101—114). The fourth group, 
contactors 13—18, in the return conductors ate 
interloclled only retrogressively over 14—1 (con¬ 
tacts 115—128). The return conductors to the 
contactors of the second groujp (7, 8, 9) are 
filst interlofk^ retrogressively from 5—1 (con¬ 
tacts 130—134) and then progressively from 
12—18, the progressive interlocking being effected 
through the existing contacts 108—114 which 
beloug to the progressive interlocking of mup 1. 

The contactors 10, 11 and 12 of the tnird 
group are interlocked In the return conductors, 
firs^progressively from 14—18 (contacts 136— 

140) and then retro- 
gressively through 
the existing contacts 
122—128 on contac¬ 
tors 7-11, belonging 
to the retrogressive 
Interlockingofgroup 
4. As wiU,)>e seen, 
all leads to contactor 
. coils pass from the 
controller through 
ng. s. moim an operating current 
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disconnecting 
switch. The 
object of this 
is to discon¬ 
nect the ope¬ 
rating system 
of the loco¬ 
motive in case 
of a fault in 
either motors 
or transfor- 
merwhentwo 
locomotives 

are being worked together (multiple unit con¬ 
nection). If two locomotives ate not to. be 
worked in parallel this can be dispensed with. 

The operating systems of the locomotives 
are connected with one another by train line 
receptacles and jumpers. The heating circuit Is 
carried by a separate bus line. The current for 
train heating is supplied 
to this throii^b the heat- 
ing changeover switch In 
conjunction with a special 
contactor. Three different 
voltages can be used for 
heating, depending on re¬ 
quirements. The heating 
changeover switch has 
three different positions 
marked 1, 2, 3. Position 
1 gives the least voltage 
Fig. oinent and position 3 the highest. 

Them Is, in addition, a 
position mariced S for shop use. When,ninning 
the locomotive in or out of repair shops or engine 
sheds it is possible*’to *Tun it with the switch 
in this position, current being supplied through 
the healing circuit jumper. The heating contactor 
can only be closed in this position when the main 
oil switch is out so as to prevent the overhead col¬ 
lector being charged. In the heating current cirenit 
there is an overload relay, o^er the contacts of 
which the operating current 
is taken so that it is broken 
on excessive overload, 

The operating current for 
the compressor contactor pas¬ 
ses through the air pressure 
governor, which maxes con¬ 
tact with 6.S and breaks with 
8 kg per cm^ An apparatus 
of similar appearance is used 
in the conductors to the ven¬ 
tilating contactor. This breaks 
the supply current to this 
contactor and In this way „ 

intecrupfs die supply of cur- ***’ * 
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rent to the driving motors 
if the bVake is a|>plied 
without first cutting off the 
motor current. The appa¬ 
ratus (pneumatically ope¬ 
rated circyit breaker) ope¬ 
rates with a pressure in 
the brake pipe as low as 
0.5 kg/cm^ There is further 
an auxiliary transformer 
ng. 12. Air gorrmor. whlch delivers current to 
the heating contactor with 
current supply to heating coupling and also for 
lighting. When the pf^ssure fails in the overhead 
line the lighting circuits are supplied from a 
battery. Changeover horn one system to the 
other is carried out automatically throueh the 
lighting changeover switch. There are in addition 
three other changeover switches. The uppermost 
connects the ventilators to two diiVerent voltages, 
the middle one changes over the operating 
system frorna the main transformer to the testing 
plug and the lowermost is arranged for operating 
current supply. If when running two locomo¬ 
tives in parallel the transformer in the leading 
locomotive is not available for use operating 
current is obtained from the rear locomotive 
through the last mentioned changeover switch. 
Like the operating current disconnecting switch, 
this changeover switch can be dispensed with 
when parallel working is not in question. All 
drum type changeover switches ace interlocked 
with the reversing drum of the controller through 
the reversing handlq, In this way it is ensured 
that all^ changing over is done only without 
current on. 

The brake valve widi delayed action applies 
the brakes to the locomotive when the overhead 
line wire remains dead for more than 30 seconds. 
The effect of this is to bring the train to rest 
if the pressure on the overhead line wire fails. 

After the above description of the connec¬ 
tions we will now turn to the actual apparatus. 

For all apparatus for Ailway work, reliability 
is of the greatest possible importance. Even 
minor faults may cause considerable interruptions 

in the timing of 
trains. The greatest 
possible care in con¬ 
struction, manufac¬ 
ture and erection 
is accordingly of 
first consideration. 

' The special con¬ 
siderations have 
given rise to special 
designs for all the 
apparatus itsed, e^. 
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magnet cores of operating 
solenoids are pivoted in¬ 
stead of using those of 
the parallel sliding de¬ 
sign, wide bearing sur¬ 
faces are used for these 
and for all moving parts, 
and breaking contacts 
with rolling contact sur¬ 
faces are used in con¬ 
junction with the greatest 
possible pressure so as 
to prevent the contacts be¬ 
coming welded together, 

All other contacts are also of the sliding type 
so as to maintain clean contact surfaces and 
to ensure certain contact under all conditions. 
Contact fingers with spiral springs arc used in 
most cases. 

Interchangeable unit 
coitstruction is adopted to 
thegreatest possible extent. 
The particularly heavy 
type of interlocking con¬ 
tact is used even for other 
apparatus, as can be ga¬ 
thered from the various 
illustrations. Controller 
fingers are used as operat¬ 
ing contacts for the te- 
verser. Bolts insulated by 
bakelite paper arc largely 
used' in the construction. 

In going more closely into the design of the 
separate pieces of apparatus we begin at the high 
tension side. Fig. 2 shows a leading through insu¬ 
lator and fig. 3 a air pressure insulator. The same 
insulators arc used for both pieces of apparatus. 
The main oil circuit breaker, ffg. 4, dimrs only 
from the standard type in the foUowlng respects. 
The arrangement adopted prevents the locomo¬ 
tive circuit breaker from dealing with direct short 
circuits Or with overloads of corresponding mag¬ 
nitude, and works in the following manner, 



ng. 15, 
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From the cur¬ 
rent collector, the 
current is taken 
through the coil 
of the overload 
relay and the oil 
switch contacts to 
the high tension 
winding of the 

Fla- ir. HdtttK diMRmMr twfick. trausfomter.Froffl 

. j, « ,. ^ low tension 

winding of this transformer, operating current 
Is taken from tapping 20 through a switch and 
operating current fuse to point 22. From this 
point, pressure is taken over the overload rebv 
contacts to the releasing relay. The core of this 
coil acts direct upon the release mechanism as will 
clearly from the connection diagram. 

When a dead short circuit occurs within the 
drcidt protected by the main oil svritch, either 
m the tnnsformer Itself, in the motors or in 
the conductor to these, the voltage of the 
Uansformer falls to zero or practically to zero. 

under these conditions 
unable to trip the oil switch, although the 
overload relay contacts may close. The circuit 
naust, under these conditions, be broken by the 
circuit breakers at the substation. As for as this 
goes, we have the same arrangement as in the 
locomofiYcs of class 0£ 

locomotives for the Stockholm 
~Gotbenbu» line, an arrangement has been 
adopted which 
gives a mechani¬ 
cal trip to the 
circuit breaker as 
soon as the short 
clraiit has been 
bcoken by the 
breakers at the 
substation. Fig. 5 
shows the mecha¬ 
nical break arran¬ 
gement in thenor- 
mal position with 
the oil circuit 
breaker connected 
The arrange¬ 
ment consists of 
a sector shaped 
weight b pivofted 
round the point 
a which is lifted 
by thearmewhen 
the breaker opens, 
and is held In 
this position by 

the pawl d When , 



Fif. 1*. Aptkuaiw Irjiw. beat view. 


the armature of 
the overload relay 
is attracted the 
release ann is tur¬ 
ned so that the 
part /, which 
rounded oflF, can 
pass over the pawl 

{ f. As soon as the Fig. is, Coalial Urtail diltoaaMiag 

ine circuit breaker 

is opened and the overload relay has no current 
^ssing through It, the release arm returns to 
aud re-engages the pawlg, 
which *11 Its turn acts u^on the pawl d so that 
is freed and the circuit breaker is 
tripped. The main oil switch can be closed by 
hand operation of the air pressure 
valve (fig. 6) or by remote control of this valve 
by the push button on the controller cover, 
Break can be carried out by hand, eitlicr by 
remote control through a pusli button onthecon- 
troller cover or automatically as desi;ribed above. 
Fig. 7 shows the controller Rigid hinged 
Tk as contact fingers for the main 
j I ”**** interlocking arrangement is 
provided between the main drum and the 
reversing drum, so that the main drum cannot 
^ reversing drum is in the neu- 
!« 4 ? *"***•*« reversing drum cannot be 

turned if the main drum is in any other position 
than the storting position, U. If there is no 
current In the motors. In addition there is me- 

ebanical interlock¬ 
ing of the push 
buttons for open¬ 
ing and closing the 
main oil switch; the 
push buttons can¬ 
not be depressed 
with the reversing 
drum in the ne¬ 
utral position. The 
oil switch can ac¬ 
cordingly only be 
operated from the 
particular control¬ 
ler which is in use 
folr driving the 
locomotive. 

Fig. 8 shows 
one of the motor 
contactors. These 
pieces of appara¬ 
tus are derigned 
for continuously 
handling the large 
currents for the 
■». boo# vitw. driving motors 
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Fig. Apiwratiis fnune» rear view. 


and work under more difficult conditions than 
any other part of the locomotive equipment 
These, as well as the other contactors, have 
been designed having regard to the great volt¬ 
age variations which occur, a problem which 
has' given rise to \^rious difficulties in con¬ 
struction. This requirement, In conjunction with 
the great weight of the contact arm, necessitated 
by the high current, and* the necessary heavy 
contact pressure, has largely determined the 
constniction to be adopted. A design in which 
the weight of the contact arrangement and the 
contact pressure act directly on the core of the 
operating ^magnet would be less suitable. The 
reason for this Is to be found in the rather 
poor tractive characteristic of a single phase 
solenoid. 

We must deal a little more dosely with the 
solenoid as this is an important detail of all 
electro magnetically operated single phase ap¬ 
paratus. The core must be laminated in order 
to keep down the iron losses. In spite of this 
the magnet is rather noisy and, at the same 
time, the tractive effort is low. The reason lies 
in the sine form of the current. The current 
and, consequently, the tractive effort change 33 
times per second ^m zero to a maximum value, 
and back to zero again. If the current is zero 
the tractive effort is also -zero and the solenoid 
will drop out. But before this has happened. 


the current lias risen again and the solenoid 
will be reattracted. It is this variation in the 
attraction which gives rise to vibration and 
noise. This is prevented by the provision of short 
circuited windings placed upon the magnet 
cores close to the surfaces which are in 
contact. The primary m>ignet field caused by 
the current in the main coil, generates a current 
in the short circuited windings which lags in 
phase behind the primary current. This secon¬ 
dary current gives rise in its turn to a magnetic 
field which has the same phase lag behind the 
main field as the lag of the secondary current 
behind the primary current. Instead of one field 
we accordingly have two and the tractive effort 
can never be actually zero. Most of-the time, 
the two fields act in conjunction with one 
another and only at the instant when the cur¬ 
rent in either the primary or the secondary 
winding passes through the zero does one Held 
act alone. 

The conditions are, however, not so simple 
as to allow of the vibration being completely 
overcome by the use of short circuiting windings. 
It is necessary, in addition, that the magnet 
surfaces coming in contact with one another 
should be perfectly flat. 

The manufacture of these cores must accord- 



Fig. 21. A|>|Mratu8 fr4me» <ktoU ol tide. 









90 


ASEA-lOURNAl 



Fin* 22. Coolrof >im|»er. 

ii)gly be very carefully done. When, however, 
a inaguet has once been made which works 
quietly it will continue to operate quietly, We 
have operated one of these contactors 2,000,000 
times - without being able to detect any dete¬ 
rioration, which means that as regards a prac¬ 
tical amount of service it is not subject to wear. 
From time to time, however, it may happen 
that a short circuiting washer may break and 
then, naturally, the core must be carefully re¬ 
surfaced. The short circuiting windings have their 
faces bevelled ofif to obviate the possibility of 
the overhanging and unsupported part being 

struck when the con¬ 
tactor closes. The air 
gap at the back of 
the magnet prevents 
the core from sticking. 

. In order not to 
have the magnet cqils 
too large and, at the 
same time, to obtain 
sufficient contact pres¬ 
sure, the contact arm 
and the solenoid are 
connected by a link 
gear which minimises 
the load on the magnet 
in the closed position. 
Flfr 23. ))un|Mr. iMb abk. The COntaCtOrS for 

the heating current and 
for the ventilator and compressor motors are of 
much the same construction as the motor con¬ 
tactors. By arranging a rolling motion of the 
contactors on the contact arm and the greatest 
possible contact pressure, it is ensured that the 
fixed and moving contacts are kept even and 
in good condition while at the lame time weld¬ 
ing together of the contacts when closing is 
prevented. It should be specially noted that 
the auxiliary (interlocking) contacts mqve in a 
circular path. In this way, the necessat^ rubbing 
of the contacts and fingers against one another 
is obtained and good contact always ensured. 
This construction also allows two rows of fingers 



to be arranged in a simple manner, thus giving 
a largit number tff auxiliary contacts. The auxili¬ 
ary contacts are protected by special pins so 
that it is possible to handle the opntactors In 
any way without damaging them. 

The moving auxiliary contacts oon the motor 
contactors are placed on pivoted arms which 
are operated from the magnet arm. In this way, 
a long travel for tbe,yuxiliary contacts is obtained 
and, at the same time their location can be 
adapted so as to suit the space available. The arc 
shields are hung from the upper contacts and are 
maintained in place by flat springs. No special 
tools are accordingly required to remove them. 


r • 



FlfU 24« Healing alroiit leceplad*. 

# 

The reverser, fig. 9, consists of a solenoid 
operated drttm. The operaling solenoids are of 
the same type as are used for the motor con¬ 
tactors. The whole of the inasnetic system with 
toothed segments is ^emovabfo. Hinged fingers 
with steel springs are used. 

Figs. 10 and 11 show 
the overload relays. 

The overload relay for 
the motor current is 
adjustable within wide 
limits (it is calibrated* 
for release between 
2,400 and 4,000 am¬ 
peres). The current 
transformer for this 
relay is contained in 
the main transformer 
tank. 

The overloiid. relay 
for the heating currenti 
is set for a definite re¬ 
lease at about 700amps. 

The highest current 
occurring in ordinary 
working* is 4S0 amps. 



Ffg. 25. demeaU 






This last overload relay is self¬ 
locking and after it has opc- > 
rated it. must be reset by hand 
after the cau^ of operation has 
been removed. The current 
transformer for operating (t is 
mounted on top of the appa¬ 
ratus frame. 

The air pressure regulator a^d 
the pneumatic operating current 
disconnecting switch arc of 
similar appearance as shown 
by fig. }2. T<he method of 
working is such that'hir pres¬ 
sure^ is applied to a thick mem¬ 
brane of rubber which in turn 
presses against the operating 
spindle for the contacts. The 
connecting and releasing pre.s- 
sures iift determined by a spiral 
spring which presses against the 
rubber disc. spring is made 
strong or weak corresponding 
to the service, i.e. if the appa¬ 
ratus is used as an air pressure 
governor or as an disconnecting 
switch. 

The lighting changeover 
switch, fig. 14, connects the 
lighting of the locomotive auto¬ 
matically to the battery, if cur¬ 
rent in the overhead line fails. 

The brake valve, with time 
delayed action, is shojvn in fig. 
15. The time lag is adjustable 
between fraction of 1 sec. and 
30 secs. The mechanism, of*the 
time lag must not be lubricated 
as the viscosity of the oil used 
might considerably afifoct the 
time setting and the possibility 
would be introduced of the 

E * ‘ [ gunfmiftg up in the cy- 
, particularly at l<tw*tem- 
peratures. 

In fig. 16 is shown one of 
the three drum changeover 
switches for the ventilator mo¬ 
tors, testing, and for the operating 
current from a. rear locomotive. 

Fig.. 17 shows the heating 
switch and fig.' 18 the control 
cutout. 

Most of these pieces of appa¬ 
ratus are mounted in the appa¬ 
ratus frame shown in figs 19,20 
and 21, which illustrate respec¬ 
tively the front, the back and 













































































































27* InCerlor of driving ob. 


28, Inlsrior of mariiinery comimrlmeiil* 

°"aII ^ f**? >>?«•>«'ton 

Irons which are Insulated *^from the frame m wkfn " S **T|“*! connecting board and, 
that double insulation is provided between Cor Above . /* enclosed by a cover, 

rent casing parts and the earthed fr me iork t^ Z tcansformer 

The harvest amount of space in the fraSe fr and ciLo. i5’ all 'the connecting leads 
taken up By the 18 motor contactors after which fomet SpplITm*^ 
feoingfrpm the top down wards) arc the contactors Fla • 

Cpr heating, compressors and ventilators Nearest dwgram in a 

to the doots on the side protected by sheet Iron resnJt^ to *ll®cccnce with 


the 'ventilator changeover switch and the chinne* Provided wilhin the apparatus frame, 

over switch for oferatlnrcurrert f»m ^ would have been exceedingly com- 

locomotive. On the left hand side are Ac chance Sl**ii*^ * conductors had been shown, and 
over switches for testing throuStinr,vi!« Z .fcoiint only a few conductors have 
and below these the resettiue button^ remainder being bunched 

heating overload relay. At fhe front of the ^^hrf cables. All terminal points 

apparatus there are. in addlHm. the potentkJ In^’l^ denoted and all points 
transformer for the heating kilowatt how mJter Jlf same figure or letter are con- 

the air pressure governor and the llffbtinffclian*!’ ?**•*** wl^j ©ne another, With this principle 

over switch and in the rear a switchhi^rri uk It Is not difRcuIt to follow out the 

htatlng. the brak«,alv« with time <I.U«d«ton on li-methlngj of the -terminals 

^je pnenmaHe d.s„m.een„/ s;tr'% A ‘ “■ »" 

— '™*'*****™^-^- mrnmm 
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PRECISION GEARS TYPE ASEA-STAL. 


One* o£ the most important results of the 
development of the steam-turbine and of marine 
service, together with the general endeavour in 
technical mechanics to use theahighest possible 
speeds, has been the solution of the gear problem 
and the building of precision gears. Precision 
gears must,, amongst other<» requirements, fulfil 



F1j|. I, Three^filuMC Induelion motor in^ MKA, with dmihle utar 
ifpt VD. 

the following conditions: absolute safety in 
service, high efficiency, silent running, easy 
upkeep, a minimum of attendance and low 
maintenance costs. The results which have been 
obtained and the high place to which gearing 
has consequently been raised amongst mechanical 
power transmitting devices, isrdue partly to scien¬ 
tific study of the fundamentals of the theory 
of the gear-tooth problem and partly to greatly 
increase^ precision in manufacture. 

With the steadily increased use of electricity 
the electric motor has assunled greater importance 
as a power machine. The nature of service and 
local and economic conditions most, in each 
case, be the deciding factors as to whether in- 
' dividual or group drive is employed with the 
- electric mqtor, but, in either Case, direct coupling 
of the motor to’the driven machine or to the 
group shaft is to be preferred so far as simplicity 
and reliability of service are concerned. In many 
cases, however, the machines or driving shafts 
have so low a speed in relation to the power 
that direct coupled, slow-speed motors cannot 
be considered on account of their higher first 
cost, lower efficiency and, in the case of induc¬ 
tion motors, bad power factor, when compared 
with high-speed motors. With A.-C. the diffi¬ 
culty may also arise that neither synchronous 
nor induction motors can be built for the speed 
in question. Accordingly a. cheaper motor of 
high-speed type is, as a role, chosen and the 
power transmitted by means of belt or ropes. 
Seldom, however, is consideration paid to the 


overall efficiency, or to the question of whether 
the interest charges are the most favourable. 
The need of reliwle and highly efficient power 
transmission to low speeds has come more and 
more to the fore, since it is necessary to pay 
more careful attention to the service costs and 
interest charges of the plant and also because 
individual drive has been more extensively 
adopted. Gearing, which was previously used 
with electric motors only for certain special 
purposes, when it was worth while to ensure, 
particularly reliable transmission, has, since the 
advent of the precision gear, completely filled 
the general need referred to above, 

The Asea precision gears, both tho.se for 
assembly with standard electric motors and 
those of the self-contained type, ate designed 
and manufactured in accordance with the prin¬ 
ciples and methods worked out and applied 
for many years by Stal, our double rotation 
turbine works which are known all over the 
worid as first class precision works, and which 
have put in the manufacture of their gears, the 
precision methods which were indispensable for 
the manufacturing of their turbines. These gears, 
which are of solid construction throughout, 
provide a rational solution of the gear problem 
and fulfil in the highest degree all the require¬ 
ments of precision gearing. So far as the trans¬ 
mission element, is concerned they can most 
nearly be compared to transformers in respect 



Fi(. 2. D.C motor It|k K, with dooblo now lyp* VD.. 

it tooaomm lomlf a# MchtA iWltWiHaaell. 


of efficiency. With the larger gears and moderate 
peripheral speeds the losses are hardly measurable 
while the efficiency of smaller gears falls, in 
certain instances, to a minimum value of about 
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97,i These good efficiencies are almost en¬ 

tirely due to perfect tooth-form and extremely 
careful cutting of the teeth. While the teeth are 



f/i* ^ Vcrtkd ammtar l)r|w OSA. with slutk gt»t tyjit 

VcSi JOO kVA at IS6 lor direct connedim to water turfattie. 

ensaged, except during the practically frictionless 
rolling period, there is always a certain amount 
or sliding and consequent friction. The coefficient 
of friction for sliding should therefore be kept 
to its lowest possible value. In the Asea-Stal 

( {ears this Is arrived at by means of efficient 
ubrication of the teeth, generally ensured by 
flowing* the laiger wheel to dip into an oil 
with and flistribute the oil to all other parts 
of the gear, In addition the gears are. provided 
with ball bearings, except in certain cases with 
the self-contained gears. The wear is also par¬ 
ticularly small, owing to the efficient lubrication, 
and this, in combination with the very small 
number of parts exposed to wear, results In low 
maintenance costs and mat reliability in service, 
conditions whicit can be substantiated by gears 
which have been in service for over ten years. 

Motors combined with precision gears are 
consequently, from an electrical point of view, 
superior to slow speed motors for the same 
outputs and mechanically they are equivalent. 
When compared with belt or tope transmission, 
which as a rule has a very low jefficiency 
(varying between about 95 and 60*^, their 
good qualities appear even more marked. In 
view of the great advantages which geared 
motors ofler for any 'desired low speed or with 


a wide range of low .speeds — even with three- 
phase* current, through the use of variable speed 
three-phaM commutator motors ~ when selecting 
a drive, consideration should be 4 paid to the 
question of whether such a motor would not 
be the most favourable both with regard to 
first cost, service costs, and interest charges. . 

When direct coupling of the commiratively 
cheaper high-speed«motors is not possible, preci¬ 
sion gears can advantageously be used, In most 
cases, to replace the transmission devices which 
have up till now been used and this substitution, 
as pointed out in the introductiod, is a profitable 
one. This depends not only on their great 
reliability in service, their outstandingly high 
efficiency and their low maintenance costs but 
also on their simple upkeep, their siqall need 
of attendance and the small space they occupy, 
thereby allowing the number of attendants to 
be cut down, valuable space set free and building 
costs reduced. In addition they oflfer the advan¬ 
tages of silent running, simple <>Brcction and 
adaptability to different conditions when erecting. 
The power distribution In industrial plants has 
been greatly simplified by the ujie of motors 
in conjunction with precision gears and power 
transmission has, in certain cases, been made 
possible in an excellent and cheap manner. 

As examples of machinery with which it has 
been found advantageous to iwc precision gears, 
may be cited: 

in the steel and tnining industries: ore-dressing 
machines, crushers, .slime-pumps, sinter-fans, rol¬ 
ling mills, draw-benches, rolling tables, feed tables, 
hoists and tran¬ 
sporters; 

in foundries: 
edge-runner mills, 
black and loam 
mixers, tumbling 
wheels, drying 
ovens, etc.: 

in the metal and 
wood^working in¬ 
dustries: lathes, 
planes, drills, mil¬ 
ling machines, 
and in short, all 
machine tools; 

;« (». aiSaSttlS.Ki'a’.X: 

pulp, cellulose and 

paMr industries: pulpers, sorting tables, pugmills, 
refiners, pulp pumps, bollanders, Joidan beaters, 
paper machines, calenders, reeling macHines, etc.; 

Ill the textile industries: openers, scutchers, card¬ 
ing machines, sizers, spinning frames, soap boilers, 
washing machines, starching machines, mangles, 
printing machines, hot flues, calenders, etc.: 






ASEA-IOURNAL 


95 


in cement mills: ctusb* 
ets, cement and ball 
mills, rota^ kilns, eic.: 

in the pour milling 
industry: for mills, etc.: 

in other industries: 
printing-presses, fans, 
centrifugal pumps, se¬ 
parators, lifts, hoists, 
haulage gears, trans¬ 
mission in general, ship 
propulsion, etc. and in 
certain cases tor con!>- 
pressors and plunger- 
pumps. 

In the case of electric 
generators, as for elec¬ 
tric motors, the size, 
price and weight at 
constant output increase 
with decrea» in speed. 

The use of high-speed, 
cheap and light gene¬ 
rators combined with 
precision gears direct 
connected to water tur¬ 
bines has, however, 
facilitated the economic «<*• ** 
utilisation of small water 

falls with tow head. Similarly the precision gear 



Fiff. 5, Sketcli of arrmgeHMne of jicneraloc drivim hf water torfaliie 
tlinMigh prediioo gear for gearing op tite spc«l. 


'allows, the following 
examples miay be given: 

An induction* motor 
of from 200 to 300. h.p. 
at ISO T.p.m. is approxi¬ 
mately 33 ^ more ex* 
pensive than a high 
speed motor and gear 
for the same output. 
The power factor is also 
improved about 25 ^ 
and the overall efficien¬ 
cy is somewhat higher. 
when using gearing. 

An autosynchronous 
motor of 200kVA at200 
r.p.m. is, with exciter, 
about 25 more expen¬ 
sive than a geared motor 
of the same output. 

A vertical synchro¬ 
nous generator of 150 to 
300 kVA at 83 r.p.m. 
is about 33 % dearer 
than a generator and 
gear for toe same output. 
The efficiency with 
nioc drivm t»)f wficr iiiAiii* ffearins is improved ap- 
JroxiiLely 2 

The above short survey, will serve to give 


in certain cases — with smaller sets up to about an idea of the very great range of appii^tion 
1000 kW and sometimes at higher outputs — of precision gears in combination with electric 
offers technical and economic advantages as a link mifchlnes and also the important advantages, 
between a steam-turbine and a generator. which can be gained by their use. In respect 

In o?det to show the approximate extent both of the technique of the servlce.and ot 
of the saving which lihe use of gearing capital charges of the plant. 
















MtosyncbranoMS 
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AirrOSYNCHRONOUS MOTORS 

■■. -p^iiiiiiil>MniwiiwMnwiinfii»f>ii^linitimiiiiiiiBiiiim iiwiiN* 

Autosytidtronous motors «uc superior to other ^iltcmating current 
motors nttiiting at comtsut speed, as they combine in one machine 
the good starting characteristics of the Induction motor and the power 
factor correcting possibilities of the synchronous motor. Tliey can also 
be started against full load torque like induction motors and when 
normal, speed has been reached the changeover switch enables tlicm 
to be excited, after which they run like synchronous motors. No se^ 
parate starling motor or synchronising arrangement Is ft^iiired. 

The autosyndironous motor,^ unlike the induction motor, lias the 
; advantage that It does not give rise to lagging pow^ factor In a aiij^ly 
tp which it is .connected. Like the synchronous motW It can be over- 
* exdted for any |>ower factor i^ttir^, right iip to xero leading, for . 

improving the power factor in a network. ‘ ^ « • 

The autosynchrouous motor as opposed to the synchronous motor has 
the advantage that It will not pull up If an overload occurs or the 
voltage falls, but continues to run as an induction motor until the 
load is reduced or the voltage rises to. the normal, after which it again 
runs in synchronism. 

. The autosynchronous motor Is exceedingly , useful where difficult stalling« 
conditions arc to be expected alfhottgli synchronous charactefistjes arc 
required and it is particularly suitable for driving centrifugal pumps, 
fans, calenders, compressors, grinders e/c. 

The autosynchronous .motor was patented by Asca in 1900 and such 
mbtors have, since been built in all «drcs up to 2,000 kVA and for 
power factors from 0.9-^ with bver-cxdtation. . 
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NEWSTAL DOUBLE-ROTATION, BACK-PRESSURE TURBINE, 

TYPE DM,. 

In industrial plants, where steam in large tion and electrical losses be disregarded. Compared 
quantities is required for various heating pur* with a condensing turbine, where^lhc greater 
poses such as warming, boiling, drying, etc. part of the heat in the steam must be dis- 




1* Oil tMik. 2, S«rHy novctnor. 5. RMliirlnK 
mecluinifiM. 4« TurSbie wiitliM and bearlims. j. 
Hand-f^ated oil imuq|>. 4. lwoj| tor governor 
poor. 7. Scop valvo. 8. RopitUclInfi voItc. 9. 
Governor medmltM. 10. I^neocy liiliricjilloii 
devieo. 11. Todioiiieler. 12 . luicfc-presttire n* 
Htdator. 13. Axfiii i^kotor. 14. End UariiM; 9 » 
15. on cooler. 14. 17. SCeain re|{iiLilioii 

valve. IS. &»dcioyersMwlbcarirani. 19. Overload 
Tolv^, 2a llrosh pear. 21. (Hi veby. 22. Ter- 
Mlital board. 23. ocdler connocHont. 24. HadCcr. 
C5. Ocneralor supporlf. 26. Rotor. 27. Staler. 


Mr. 1. OalUne drawins of 1.500/2,100 kW Slat backiiresfiire lorUne. 


the idea at once occurs of using the steam for 
generation of power, making use of the expan. 
Sion between boiler pressure and thtf‘pressure 
at which the heating steam is required. The 
energy which is thus obtained from the steam is 
produced at an efficiency of nearly 100 fif, if radla- 


sipated in the condenser, a back.pressurc turbine 
accordingly uses only about % of the fuel, for 
the same output, The consumption of coal per 
kilowatt year, assuming that the power is used 
for 7,000 bouts, is only from 1 to 1,} tofts, 
and it is accordingly understandable that back- 
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Flu. 2. 2.100 kW Slal bxk^prctiure turbine. 


pcessi^re turbines aw being much more widely 
used, even in places where water power Is 
available at relatively moderate price. On the 
assumption that the pressure (or the heating 
steam cannot be reduced, there are two pos¬ 
sibilities o( increasing the amount of cheap 
back-pressure power available. One of these is 
to Increase the steam pressure and temperature 
in the boilers, the other to raise the thermo¬ 
dynamic efHciency of the turbine. If in any 
case new boilers have to be provided, it is 
accordingly an advantage to design them (or a 
higher steam pressure, particularly as the In- 
crease in the cost of the plant for pressures up 
to 300 to 360 lbs p^r sq. in. is not too great. 
Whether it will pay to scrap existing boilers 
which ale In good condition, and install boilers 


for a higher pressure, must be Investigated in 
each special case. On the other hand, it is always 
of assistance in procuring cheap back-pressure 

E ower, that the steam turbine work with the 
ighest possible thermodynamic efficiency. In 
this respect also ereat strides have been made 
during the last few years by steam turbine 
builders. 

The Stal Company has now put on the 
market a back-pressure turbine, type DM, which, 
as regards efficiency and simplicity of construc¬ 
tion, embodies qualities which have everywhere 
awakened the greatest interest. It runs with 
particularly high thermo-dynamic efficiency and 
accordingly gives the greatest power output for 
a given quantity of steam. The accompanying 
illustraHons (figs, i, 2 and 3) give a*general 





FIr. 3, 2*10a kW M lM<k-|ire>iur€ UirbHw with upper hill ol lurbliie hMuhiR railed. The lUmlraMon ih®«$ the iiuier lUMUled twbtee kousliiR. 
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Pi|^ 4. One ImIF of blade sritem b»c Slal back^prasMte turblme. 

impression of fhe appearance of the set It is, 
with a few alterations, an ordinary <louble-/t>tatiou 
Stal turbo-generator, which is, as is well known, 
of the radial type, i.e. the steam enters in the 
centre of the bjade system, afterwards flowing 
out radially, the blades being axially placciT 
The two turbine wheels rotate in opposite direc¬ 
tions, so that the blades on one wheel act as 
guide blades for the other wheel. Each of tlie 
turbine wheels is connected with one of the two 
rotors of the turbo-generators. These also rotate in 
opposite directions and are electrically syncl^ro- 
nised,so that they run at precisely the same speed. 

The departures from StaPs standard conden¬ 
sing turbine are as follows. As there is no 
vacuum in the 
case of a«back- I 
{fressure tur¬ 
bine, the con¬ 
denser and ac- 
companying 
equipment are 
eliminated. The 
turbine bou¬ 
sing,which still 
supports the 
two senerators, 
is placed on a 
bedplate (see 
fig. 1), which 
for the larger 
types — as in 
the case of the 
standard con¬ 
densing types— 
is provided 
with stays for rig. & i.so(y 2 .ioo kw sni bade i»««> 




6. 1,500/2.100 Sljil bade |iKisair« turbine fot^Kynunene Co., NVoikka Milk 
Kmi^eski, flnlMid. 


supporting the stators. 

The bjade system (flg. 

4) being specially de¬ 
signed for back-pres¬ 
sure work, accordingly 
contains a smaller num¬ 
ber of rings than for 
the condensing turbines, 
and the outer ring has 
a smaller diameter. In¬ 
side the ordinary tur¬ 
bine housing is placed 
a special inner bousing 
of steel (see flgs. 3 and 

5) . This is required on 
account of the high 
pressure of the steam 
(15 to 150.1bs/sq. In.) 
which is obtained from 
the last stage. If Is, In 
addition, well heat 

insulated to prevent loss of heat«betwcen the 
steam and the surroundings. Lastly, the inlet 
valve is considerably larger than for a conden¬ 
sing turbine, due to the large quantity of steam 
which a back-pressure turbine has to pass. 

High-pressure steam is led to the turbine in 
the usual manner, thrbugh holes in the boss of 
the turbine wheels to the inner ring of blades 
(flg. 4) and the back pressure .steam is taken 
downwards from the bottom of the housing. 

The governing* arrangements are somewhat 
different from those used with condensing tur¬ 
bines of ordinary .design, ^ack-ptcssurc turbines 
are provided in most cases, not only with speed 
regulating gdvemors, but also with bacl^prcssnre 
' , regulators of a 

, j design deve¬ 
loped by Stal, 
which under 
given condi¬ 
tions act'so as 
to §ivc a con¬ 
stant back pres¬ 
sure. Usually, 
a back-pressure 
turbine works 
in parallel with 
other generat¬ 
ing plant and 
in this case the 
regulator func- 
* Hons so as to 
give^ constant 
back* pressure, 
under all con¬ 
ditions. Since 

ItufaiM linr'KynuMm Co., Wotkk* Mdl, It iS UOt pOSS- 









ibie to govern for constant ; 
speed and also, at tbe same time,' ; 
to regulate for constant «back - 
pressure, tha governing actuated 
by tbe speed is in such cases put , 
out of action. When a back press-, 
nre turbine runs alone, the | 
speed is governed and tbe back 
pressure regulator thrown j^ut, 
so that the back pressure is de¬ 
pendent on tbe generator load 
and on the demand for back* 
pressure,steanK 
So far, 16 turbines df the new 
back pressure type have been 
supplied for a total output of 
21,000 kW. At the te.sts carried 
out on‘‘machines already deli¬ 
vered, thermodynamic efficien¬ 
cies hjive htr exceeded anything 
previously obtained. We give f#g. 7. i,5wti.ioo k\v 
below some* extracts from two 
official test reports, where the efficiency, in spite 
of relatively unsatisfactory conditions, exceeds 
85 Figs. 6 .and 7 show these two turbines as 
installed in the power stations. 

Official test 

on 1,500/2,100 kW back-pressure turbine for 
the Wolkka Paper Mills, KuusankoskI, Finland, 
carried out by ’The Society for Power and 
Fuel Economy”, Helsingfors? Finland. 

Guaranige Conditipns: 

Admission pressure (gauge) ... 242 lbs./sq. in. 

Back pressure (gauge). ” 

Admission temperature.^.. *. C. 

Maximum quantity, of steam ... 30 tons/hour. 
Speed. 3.000 

Test results: 


No mwl otttpOt of Turbine, kW 

Steam pressure on leaving 
Inlet valve,Ibs^sqJn.abs. 
Back pressure,lb&/sqJn;abf 
Steam temperature on leav 



202.1 

243 

2S6.I 

54.* 

57 

57 

273.5 

289.3 

294a 

1047.1 

1440.9 

1815i» 

>8094 

45699 

57358 

85.0 

85.2 

82J*) 


te/lSrI!IL°'MOM <»» 575« 

Thermo-dynamic cfflclcncy 
(refetreu to conditions 

after relating valve „ „„ 

. and shaft output). % ...I 83.2 85.0 | 85.t_ 

Official test 

on 1,500/2,000 kW back-pressure turbine for 
the Socliti Anonyme d'Exploltations Minlites, 
Pechelbronn, Alsace-Lorraine, carried t>ut by 

*) On overly. 


SlU bMk iimsMK luiWne (klinctd lo S4K«» Anonym* d'Enploltolto** 
Mliritni. PMlwIlwoon, AliMe-Lofratoc 

"Association Alsaclennc des Proprl6taires 
d'Appareils h Vapeur”, Strassburg. 

Guarantee Conditions: 

Admission pressure (gauge) ... 256 lbs./sq. in. 

Back pressure (gauge). 42j „ „ 

Admission temperature . 320 C. 

Maximum quantity of steam ... 25 tons/hour. 
Speed. 3,000 r.p.m. 

Test results: 


No mal oytiml of Turfaiitt, VW | 
Steam pressure at Inlet valvcJ 


UUipui, Rw ....— - # 

Thcrmo-dynsimlc cfflciciicy (re- « 

ferred to conditions after re* 
guUtIng valve and shaft out- 
put),* .. 

M12I 3518S 

Improvement on guaranteed 
I steam consumption, » . 1 _i±J 

As the above extracts from Test Reports show, 
the guarantees have been exceedingly well mali^ 
talned. In both the cases cited, Stal also obtained 
a premium for* the improvement in steam con¬ 
sumption per kWh generated. It wiU be«en 
the thermo-dynamic efficiency exceeds 85 For 
turbines,working under more favourable condi¬ 
tions thail is the case here, the efficiency should 
be further Improved, in which case Stal back¬ 
pressure turbines will become almost indispens¬ 
able tor the service we have touched upon here. 


258.8 

1 263« 

263;l 

45.1 

48.31 

45.5 

308 

« 

292 

1605 

873, 

84.2 

85.1 

83.1 

47959 

38521 

33185 

50494 

40241 

33736 

5.0 

4.3 

1.6 
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SERIES POWER FACTOR CORRECTION” WHEN 
INDUCTION MOTORS ARE CONNECTED IN CAS- 
OADE WITH POLYPHASE SHUNT COMMUTATOR MOTORS 

r, and r, are the ohmic resistances of the 


This paper deals with a special problem of 
regulation which arises when polyphase induc¬ 
tion motors are connegted in cascade with 
polyphase shunt commutator motors. It is known 
that speed regulation, compounding, or power 
factor correction of polyphase induction motors, 
if effected without losses, demands the applica¬ 
tion of a voltage of 4 

suitable magnitude and 
phase to the secondary 
circuit. It can easily be 
shown that this voltaee 
for a given speed should 
not be constant but must 
have a component which 
is proportional to the 
primary or secondary main 
current. Such a voltage is 
referred to as a ’’series 
voltage”. It should further 
be noted that this series 
vqltage must in turn not 
be the same for all speeds 


win^ngs. „ 

and arj are tne total reactances of the winding 
including leakage (calculated, as for all 
reactance denoted by x, for the pe¬ 
riodicity of the supply). 

“ Xti is the mutual reactance between the 
stator and rotor, which 
determines* the cpefficient 

( 7 .1 -- '**** for the total 
x^x^ 



I. 


leakage.' 

So And s are the rotor slips 
below the synchronous 
speed at no load and on 
load respectively. ^ 

The secondary voltage 
^ >s generaM by cascade 
connection with a three* 
phase commutatorinachine 
and, in gcperal, is either 
practically independent of 

.‘s.uTof rsilnr"" “'"2 “K'-i »<«>• 

is omitted very poor power factor correction is *^‘*"*^ *~T ** 1* infinity or 

obtained as soon as the no load speed departs ‘ t . 

to any great extent from the synchronous s£-ed. T^i this'7ntr«cMm?^ “T togetl«r. 
Bearing this in mind we shall designate tTtts ^ ^ ® Into account we can put 

series voltage as a’’friable series power factor ^"(fix + /v,,—v 1 fl——)• \\ 

correcting voltage". The expression is rather ^ W + hYa /sy.)^!--]^. 3) 

long but has the advantage of expressing exactly xk.* c,-. ^ ’ L s\ , 

what IS intended. In the following, the magnitude 'opponent [ 1-1 determines 

component will 6rst be cal- only the slip s„ at no load and* tlie no load 
* "****’®‘** currents and The power factor corrcc- 

he^lwH ilf several connections which can tion on load and the speed characteristic (the 
be used in the practical application of the theory, compounding) is determined by the two series 

I. Theoretical investigations voltages which form the second and fhird terms 

and secondary voltage diagram for an inducHon Tlie calculaHon can be simnlifled bv ih* in 

rqtt5onJ:“" ““ ‘*'*‘'* * “ew pammS 

4*-4(ri-/x,)-/4%. 1) 

4-4(r»-/*is)-;7lx„s. 2) 

In (he above: 

and 4 are time vectors for the prhhary and 

_ secondary terminal voltage(pet phase).* 

It and /, are time vectors for the primary and 
secondary current. 


.. 4) 


1-^ 

Sk 


l-fa 

St 


which has the characteristic of always being 
zero for no load and infinity for s - st. Ac¬ 
cordingly, if we put. 

.. 


1-^s 
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we obtain the voltage equations (or the primary 
and secopdacy circuits (1 and 2) in t(ie fol¬ 
lowing, (otm: t 

£i-/i(ri-;*i)-;7*X3i .. 0 

Eiy. - +Po)] + 

+ js[r*+y»+(j-/Jf3)(p+Po)] . 5) 

We can assume that the no load currents 
-and ate the same for all values of speed, 
which can easily be reached ^ 
by a suitable choice ofv. But 
in addition to this we also 
require the phase displace- ^ 

inent of the primary current ysA' 

to be independent of .the no / j / 
load speed even bn load. i,! / 

This requirement is met if . ./^ / 

* j/ J/ 

the differencial (or p *“ 0 

(/.«. for no load) is indepen- \* 
dent of po(i «. of the speed.) \ 

For the differential 

©p=o 

determines the tangent at the no load point in 
the primacy current diagram*) (compare fig. 1). 
We accordingly differentiate equations 1 and 5 
(or p — 0 and obtain: ^ 

From equation 1 

and from equation 2 « ^ 

From this we obtain «the following solution 
in the determinant form: 

0 , 


V I 

dpIpZia n-ixi -jxu I 

I -fis-MbPo . rs+ys+l^-Z-^s/pJ 

6 ) 

The nu(n«<f#ior is independent of the speed 
(pj. Accordingly if the whole expression is to 

♦) Sltkllr d«tetiBliiet, «fc« cwi- 

poMiidlog so iImI nted not ffo fntihcrlnlo Hie metier In thHeoiukecIloa* 


be independent of then y,t and must be 
so determined that pp disappears in the deno¬ 
minator also. This is only possible if y,, and 
y, each contain a component and y 2 respec¬ 
tively which is proportional to pp and ii; in 
addition, the equation 

(ri-;jfj)[j^»+ -/% [j^tt+/Jfi»Po] -0 

7) 

is satisfied. We thus have to investigate the 


A-4r^ 

1/ 



law which this agreement tequires* for the va¬ 
riable scries power hictor correcting voltage. 

We obtain first of all from equation 7; 

2-/.. _ 


■'-Pol(>‘l-/jfj) + 


JM«I\ . 8) 

Sk y 


Now the expression by which pp is multiplied 
is equal to the resulting impedance of the in¬ 
duction motor for p •“ «o (s a*)- denote 
this Impedance by 

*«• ”/■**» 
and develop (or s*—« 

and for s* -1 eespectively 

Xi J 
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We then obtain equation 8 in the final form: 

. w.... 10) 





Examlnalioii of the formula expressed by 
equation 10 enables us tP obtain one Important 

tVteuure Innsf^mtr 

FMJ wintShg • 

\Uag wtHdihg 

CdmmnUict tMckine 
U 

Fla. 3. 

conclusion immediately. It is clear that the va¬ 
riable series phase compensation can be obtained 
equally well either by the help of the primary 
current through V,, or by the help of the 
secondary current through -V,. We are ac¬ 
cordingly always free to choose the most simple 
connection which in general leads to the special 
assumption of y*, » 0. 

We accordingly investigate the magnitude and 
phase displacement of the auxiliary voltage 

^s-(Vn-4y'*)(l-^)...11) 

which, in accordance with equations 3 and 10 
gives the same phase compensation at all speeds, 
and we obtoln 


r 

pncticiUy equal fo 100 % of the total leakage 

reactaqce voltage of the primary cinjent I^x^a. 

Lastly, as regards *the phase displacelnent of 
the series voltage this can best b<f represented 
graphically as sliown in figs. .2 a and b, 

In fig. 2a^we have 

Ao primary current at no load, p*»0 

A«» ” •* »i »• It a*) 

A » •« I, on load 

«D«-tan-‘^ 

Ps* —tan'*'-^ 

XiSk 

^ the secondary voltage at no load 
^ It •• M on load 

The auxiliary voltage corresponds only to 
the current difference A“Ao* 


Md winding 

.Comptnsnllng 

vlnaing 

Xommniaior 

machlM 



treqntncy 
convttitr ' 
ns tardier 


Nain motor 




+ 1 -- 
_ _ft Sk 


Xtl 


l-h 
Sk 


12 ) 


Fig. 2 b shows^ the voltage diagram on a 
somewhat different scale. In place, of //JF, we 
have shown the voltage Mrith the same phase 
relation 


oe disregarding the phase displacement this is 
nearly enough 

. 12a) 




Sk 


(A Ao)^«o^< 


. 


13) 


Mniu motor 


ProsMort trantformer 




Jp jjJ 



Compmuling winding 


VCdmmnlelor oMcAliie 


This voltage bcars a‘constant relation to the 
primary cu'rrcnt or, more correctly, to^hc current 
difference th^ extremity of the voltage 

vector accordingly describes as the load Increases 
a curve of the same form as the primary current 
vector. In fig, 2 b this curve is a circle, the 
diameter of which in the current diagram is.: 

C/i^Ao)nw«, and accordingly in the voltage 
diagram 


ws.+. 


1"^ 
Sk 


This is an exceedingly- important resitk. It can 
be expressed, in words as follows: 

series voltage On the raHo of 
speeds NJN^ reduced to the primary side) is 




, r * \ski 


i-i. 


•*« 

« ' 13a) 

The inclination of the two vectors is the 
angle Knowing this connection, we 

are able to determine in magnitude and phase 






ASEAIOURNAL 


10 $ 


Pttsturt , 

f 


t*tMltt€$Ky 

coat^er I 


Main molar 


Series Uatu^ormfr 


And we obtain 


winHhfi 


wtnahg 


CommuMor m^hint 


. 


xn+i^ 1-^ 
.V Sk 


On the other side from equations 1 and 2 we get: 
4 “ 4(»s-/*s*) 


the comi^onent of the series phase compensating 
voltage which varies \vith the speed. Although 
it can clearly be seen from equations 12 and 
13 \vc wish to. point out particularly that 
and .(/£', respectively, are of opposite sense for 
speeds Ander and over synchronism. 

II. Otnernfien of the variable series phase com¬ 
pensating volffige with different cascade connections. 

The fact that the law governing series phase 
compensation was understood so late is very 
easily explained. In the oldest and, in fact, for 
many years the only kind of cascade connection 
which was used series phase compensation was 
obtained incidentally. 

This system of connection which is shown 
in fig. 3 is known cither as Kramer or Scherbius 
connection. The commutator machine is either 
directly coupled, with the idain motor (sk ^ 1) 
or with another machine (commonly an asyn* 
chronous or synchronous generator) which keeps 
its speed nearly or exactly ccftistant (sj.—«>). 
The commutator machine has a compensating 
winding which supressks the armature reaction 
and a field winding (current /«) which supplies 
its main field. By the rotation of the armature 
conductors in this field, the voltage generated is: 


g|-/i(ri-y*i) 

-}Xu 

-/Jtji 




[ 


Xt+)J 


(£,-/,.r).s 


wherein z denotes the apparent primary im> 
pedance of the main motor at slip s. 

Thus we obtain 

19) 

If we now limit the applicability of the cal¬ 
culations to large values of slip (e.g. z > O. 2 ) 
thus to the neighbourhood for which the im¬ 
portance of series phase compensation is greatest, 
we arrive at an exceedingly surprising discovery. 
Hjpre we have with good approximation 

~h-ix,Q 


■ 

Using these approximate equations and equation 
17 we obtain as a final formula 


which for our purpQse can be put equal to the 
secondary voltage of the main motor. In the 
following rg—XtS the resistance and reactance 
of the field winding and = the terminal 
voltage of the field winding. The field current 
is then 

/,- k -. 15) 

r,-;xjs r,-;x,s 

Further we have, for no load, nearly enough 

4-4 - .... 16) 

: “ zjZo+ifs' Ski • 


E»={Ei~r,zco).St 


t s , . fa 

1- Xi+}— 

Sk ' S 


iTMinformtr 


DiHM] 

fhqittucrl 

roiiivrfer 


Mtffn motor 


Cdm* 

wIihIIiv 


CommvMor moehh 
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Jn- this equation the second term is precisely 
in agreement with the series .phase compensating 
voltage according to equation 12. Gtscade con¬ 
nection as indicated in fig. 3 accordingly gene¬ 
rates, when the value of the slip is large, Just 
>the cobect' series voltage without It being ne¬ 
cessary to take any other special precautions to 
ensure It. Herein lies the reason for this in- 
'vestigation being first undertaken in quite recent 
years. The transformation from to E, can 
naturally be carried out in different ways (com¬ 
pare the modern Brown Boveri connection with 
•exciters); the main point is that is made 
proportional to /.e. that the field winding 
is in one way or another excited from fhe 
■sliprings of the main motor. 

During the last few year?, however, two firms, 
namely Asea and SSW, have brought out new 
systems ‘of cascade connection in which the 
.^mmutato( machine is magnetised in an en¬ 
tirely different manner. 

Eig. 4 shows the scheme of connections for 
•the SSW cascade system. The field of the com¬ 
mutator machine is supplied by a multiphase 
-winding connected to the sliprings. If both the 
•main machines are direct connected (sa -1) the 
frequency of the exciter voltage (1^) is equal 
to the frequency of the supply. It is accordingly 
possible to regulate the speed of the main motor 
by the help of a transformer connected to the 
primary supply, having an adjqstable secondary 
winding which is only designed with an output 
-equal to the magnetisation. 

By this coupling a voltage, as shown earlier 
(equation 14), is impressed on the ^secondary 
•circuit of the main motor 

^ ^ “ ”/4^J2 (I “”■) 

' Ski 


with the difference that the field 
termii^d by * 

iL-isL. 

•f2 “ , ••• 

*• 8 - 7*8 


Current is de- 
•. 21) 


So that we no^ obtain 


%~E,i 


<88 

*it+m 



22 ) 


We see that this voltage is quite constant and 
in addition contains no ’’series voltage.” 

The conditions are precisely similar with Asea' 
cascade connection, the ^scheme of which is 
shown in fig. 5. The commutator machine is 
wound in the same manner as with Kramer or- 
Scherbins cascade connection i,e. it has a separate 
field winding 3 on the stator which must be 
supplied at the slip frequency, The exciter voltage 
is generated in a small frequency converter which 
is connected with the main motor for rdative 
synchronism and has three windings. The slip¬ 
ring winding is supplied with a voMage EgM^EiZ 
at the frequency of the supply. This voltage is 
transformed in the commutator winding to a 


voltage 7^^ and in the stator winding to a 

voltage Etn'S', both voltages alternate at the 
slip frequency. The magnetising current /»is then: 


r K 






rj-fxjs 




23) 


and the rotation voltage of the commutator 
machine 












Accordingly even here the variable component 
dependent on the no load speed which is 
required (oc*scrles phase compensation, is so 
Car absent. 

What we now have to do is to supply this 
want, makit^ use of the law which has been 
developed ror the series phase compensating 
voltage and in the following we shall describe 
some connections which we have developed for 
this purpose.' Most of these can also be made 
use of with the SSW cascade system. 

If the speed of the main i|potor is regulated 
through a pressure transformer with variable 
voltage ratio which is connected to the supply 
(figs. 4 and 5) the rfccessary scries voltage can 
be developed- most simply by* the help of a 
series transformer (fig. 6^. The primary winding 
is traversed by the primary current /i of the 
induction motor and the secondary side is in 
series with the primary, winding of the pressure 
transformer. If the mutual reactance between 
the windings of the series, transformer is made 
equal to equation 12 is fulfilled for all values 
ol speed. The pressure, tmnsfonner can be eli¬ 
minated and at the sam'e time continuous speed 
regulation obtained if the frequency converter 
is divided into two machines, the staton of 
which can be turned in opposite dlcectioi\s 
(^. 7). fo this manner we obtain the same 
e&ct as we should with a double induction 
regulator but with the difference that not only 
the magnitude ^ of the field voltage Is trans¬ 
formed but also the frequency. 

The conditions are not so simple if the variable 
magnetising voltage is generated by a se- 
,parate exciter unit commonly consisting of a 
synchronous motor and a synchronous generator 
(fig. 8). So as to be able to regulate the mag¬ 


nitude of the generator voltage and the phase 
.displacement at the same time,the generator is 
in general furnished with two fieU windings 
which are displaced from one another by half 
the pole pitch. If we wish to make use of a 
series transformer instead of a frequency con¬ 
verter with this system of connection also then 
the ratio of the transformer must be regulated 
at the same time as the generator voltage Esn 
either continuously or step by step. 

Top eliminate this complication we can connect 
the series transformer in circuit before the syn¬ 
chronous motor. In accordance with fig. 2, what 
we chiefly require is that with increased load 
the vector of the applied secondary voltage ^ 
is retarded by a certain. angle ip so that the 
phaM compensating component at right angles 
to is raised for increasing load at speeds 
below' synchronism, and lowered foe speeds 
above synchronism. If the synchronous motor 
as shown in fig. 9 is made with one field winding 
only, the effect of the series transformer con¬ 
nected in circuit before it, is that for a certain 
load the exciting voltage Eg» is retarded by the 
same angle tp at all speeds. If we use two field 
circuits ror the motor, as for the generator ^ can 
also be varied in close agreement with fig, 2. The 
advantage of this system of connection as com¬ 
pared with fig. 8 is that the ratio of the series 
transformer does not require to be variable. 

When large units are in question it is pos¬ 
sible to employ still more elaborate methods 
of itgulation. The roost obvious sunestion would 
be to use an automatic regulator rot controlling 
the reactive power. The AEG and p|^bably 
other firms, construct such regulators by which 
the current in one field winding of the generator 
is so regulated that the reactive power of th# 
main motor is either kept constant or else 
altered proportionally with the active power. 
The series phase compensating voltage is then 
produced in the generator itself and the series 
transformer becomes superfluous. If two such 

«rdl#r Piift 
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regulators are employed, r - 

one for each field wind- "»« 

Ingi the active and re- I I 

active power of the 

main motor can be in- '•? _ 

dependently regulated. i, I [ 

Lastly, we can make . , 

use of a machine com- ||_ 

pounded on the Da- -1^*" . c 

nielson system or some ^ oMm 

similar froquency con- — 

verter so as to transfer MMmeuu- s« 

the generation of the ^ 

series phase compen¬ 
sating voltage to the field circuit of the gene¬ 
rator (fig. lO)* The slipring winding of the 
converter is then excited through a series trans¬ 
former with a current which is proportional to 


s««^ nM pensation from the pri 

mary current of the 
^mSSr i»ain motor, and in most 

"•***“* cases this^ is the most 

-1 ^i^^M'mannerofcar- 

j^^/rMwindiivrYing it, out. Naturally, 
Jil" 1 ^ however, there is noth- 

lE ^ J ^ ^ ^ Ing to prevent us from. 

dwiiHiitts I the second«nry current 

/ For small units an arran- 

stthttiKihf stHn itMt/omer gement In accordancfi 

Fiit. 12. with fig. ll„^may be 

..... 'considered satisfactory, 

le- This only differs from fig. 8 in that the variable 
he ratio series transformer is connected in the se- 
is- condary circuit instead of In the primary circuit 
to of the main motor. In the case of latee units • 


Comp. • 
ttinalttg 
fkUl winding 


, " - ^ ^ iiisiui inurur, in me case or w\*cc units 

Sf ^ scries voltage 

S!rJh l!f!r ki kf* ‘P * separate series exciter of the same type as 

brush gear which U connected through a variable the main commutator machine (fig. 121 The 
resistaiKe to an additional field circuit on the field winding is traversed by J^e® secondary 


the magnitude of the main current (/,) and 
phase is then varied by proportional alteration 
(in magnitude and phase) of the auxiliary field 


current (/,) and by a compensating winding. This machine excites 
orlional alteration a Mparate field winding on the stator of the 
the auxiliary field main commutator machine with a current A 


'. ---- r'—/ uiMiu vuiuiuuraior macniiie with a current h 

which by means of a series resistance is made 
produced is the desired senes phase compen- to depend on the no load speed of the main 

S«ted * * i*'"**^ ** u' ^ tfansfonSer suppresses the 

connilin Xl? i tWO field 

Sd I? .t ®“ commutator machines, 

tioned resistance in the auxiliary field of the f» wmtU k» . it 

generator at the same time as th? speed of the sJiZ nf 

main motor is altered bv reuulatine the resiskfhe* connection whlcF would give the 


main motor is altered by regulating 
in the main field circuit of the g< 


iigtheresistaAce 

generator. 


»«k «rl« Pha.. «>m. 


same result; the examples given, however, .should 
make the problem of regulation clear enough 


All «he systems of connection so far dis- «8«'«Hon cl«ar enough 

issed deal with variable series nh fnm. c_f-i_ ^ of. points of viCW. 


-— - VA TSVW* 

Special cases naturally demsnnd special precautions 
which hardly fall within the scope of the pre¬ 
sent brief article. X* Dreyfus^ 


ASEA-TOURNAL 


109 


SUDDEN SHORT CIRCUIT OF SYNCHRONOUS MACHINES. 

Pnposul foi* Formuhiion of Guatantees. 


If a ^ syn<^ronous machine is suddenly short 
circuited a current is obtained which shows the 
following characteristic qualities! See fig. 1. 

1 ) The current curve can be divided by a 
centre line, ’’the D.C. component , and round 
this is a fluctuation having ^e periodicity of the 
machine, ’’the 
A.C.component”. 

’ 2) The mag- / \''> m 

nitudeofMieD.G. / \ R* 

component (’’the l''\ / \ '"'VV— 

asymmetry”) de* / \ “r-X _/ \ 7 

pends bn the mo> I—L-i— T ~7~~V 

ment when the \/ 

short eifeuit. oc- 3 ^^ ^ 

curs; its value at i 

theinstantofshort A i 

circuitmaylieany- . / 3 

wherebetweenatero / \ 

and the maximum / \ /\ ''T’X- 

amplitude of the / \ •-t_\_ j \ 

A.C. component, i - ~V~~ - 

3) Both com- \/ \y_ 

ponents are damp- 2 

ed, the D.C. com- | 

ponent usually _ 8 d. 

the mote strongly / \ ^ -_ 

and being asymp- / \ u \ 

totic to the zero \ 1 *\ _/—X—/— 

line, the A.C. A 7 \ / \ / 

component hav- , \ 71 V/—— 

ing the perma- V/-l—'♦ 

nent short circuit 2 

as a final value. * * 

We can, assu- p|. |, n„ of llu «hod tlrmlJ CMiTtol («m depi^nK 

1M i M a*Anefra n t ilioH dccMil; a} cenapWtily Mywiiictriwli b) wA Wly 

ming constaj^ ^ j{iy«.m«iiie»i »m«i «»«• 

damping coeffi- ... 

* ^ « ■ .a I • I f — —- MaOtl&A 


mum is directly measured by the oscillogram. 

To carry out repeated short circuits, until such 
an asymmetrical curve Is obtained, would be to 
subject the machine toainnecessary stresses. It is, 
accordingly, desirable to be able to formulate a 
guarantee for the magnitude of the shorl circuit 

current in such a 
* waythatbymeans 

pfasingle oscillo- 
■ gram taken at any 
instant it is pos- 

--- - sible to ascertain 

\ /A *1*** *1^* guarantee 

\~/ • yy has been met. 

Asitmaylrap- 
. pen that the cur¬ 
rent curve is near- 
t ft ly symmetrical, so 

■ that the D.C. 

yv —component ap- 
I \ / \ proaches 0 , the 

I — \ ( guarantee value 

y Y j \ j should in some 

\ i \J_ _way be made in- 

J *■" " "* dependent of the 

* * damping of the 

3 ®*. D.C. component. 

i - - - yy - - - 7 . This can be ac- 

^ / \ / \ / complished if we 

“t 7 ^ X" 7 " \ / measure only the 

'• \ •'7 * \ / \J.~ A.C component, 

\ / Y/*''*’” even in the case 

\ I t'' of an asymmetri- 

U' cal curve. If a 

. * MU- . tangent •curve is 

SlnXbWfr'SrSu^^ drawn to all the 

1 cmnwil aim. pOSitfve CUrteilt 


lUgh., hamonlcs. 


-e'>*+[(i4-B) e-"'+B)-cosw(t- O (1) 

where / is a factor .f<» ’’asymmetry” lying 
between 0 and ± 1 and t the time after the instant 
of short circuit; U is the time value for the first 
positive maximum of the current wave. 


of tht A.C. component as the distance between 
the tangent curves. Extrapolation by extending 
the tangent curves backwards on the respective 
sides behind the first peaks might be arbritary 
and should accordingly be avoided. The earlie^ 


SomB <l.m.nd«i .h .1 (k. tosttn- from Ih. s«o«d p«k of th. y» « “X 

Uiitous short clttolt rarcoot In the most unfavou. beting Is not effected by *1 cutye 

teble ceee mUI not exceed e cermln riven yalne, A?X enS 

When the machine is completed a short circuit between the peaks • i,wi aPtAr frKib 

St” m.r .nd en oscillogcam nude of tho geek no. 1 mey i* 

riirrent variation As in general it Is not possible instant 9 f short circuit, see fig. lb, the peak 
STontS *e taemit .nSh tho ehoHdmnlt no. 2 Ullfe piece, in the 

take lilace In relation to the voltage wave, complete period after the instant of short • 
r^a Ifcf purlXnceV^^^^ It is of Interest to know how the am^ltude 

11 at a maxlmum*so that the worst current maxi- value measured m this way compares with th 




no 
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greatest possible short circuit current actually 
occurring in practice. 

In |he neighbourhood of t—0 the expression 
«“*** caii be written . 

and thus equation ( 1 ) can be put in the form 
l-f A ( 1 -/I 0 +M-B)(I-« 0 +Bj* coswO-/.) 

J-'f'A (1 -/?/) + (I -yO • (^^o) ... (2) 

A-B 

r-—•« 

The largest current maximum occurs for/>ol 
at an instant approximately Va period after 
the instant - of snort circuit. See 6 g. 1 a. Then 

- 4 -l-i;) ..« 

For the case just considered where the first 
maximum occurs about Vt period after the instant 
of short, circuit we obtain the double amplitude 

of the A.C. component for wt—— 




(5) 


This is equal to or greater than the greatest 
possible single maximum, if 

iaIi-A^aIi-^-^] 

\ ri \ 2i' 2vl 


£ + JL^2^ 

2*2t v 




( 6 ) 


Investigations carried out on a number of 
short circuit oscillograms from different machines 
show that 

. u 


?5to20 


or on the average 10 , if the damping factor is 
calculated from the damping observable after 
approximately 0.J secs. However, in machines 
having solid rotor poles and pol^ shoes the A.C. 
component in the first part of the current curve 
is much more strongly damped than in the 
continuation. The damping factor for the D.C. 
component is no doubt much more.constant. 
This means that for the first peaks of the current 


curve /?/« can be considerably less than about 10 ; 
« is,somewhat grbater than P/a. , 

From the available oscillograms giving the 
short circuit current obtained lor ^sea synchro¬ 
nous machines we have selected all those which 
show practically, full asymmetn and have com¬ 
pared the double amplitude after 1 period with 
the actual greatest maximum above the zero line. 
The result has giv^ the following eight values 
obtained from 4 different machines, 

The double amplitude/lhc. greatest maximum 
— 0.96 1.0S 0.95 0.96 0.94 0.93 1.03 0.94. The mean 
value is O.m. All these macbincs.lmvc solid poles. 
From an investigation of all published oscillo- 
graph records taken from machines of unknown 
rotor construction, but presumably chiefiy having 
solid poles, we have obtained a mean value of 
0 . 99 . Machines with fully laminated htagncfic 
circuits would not show the above property 
with respect to damping, and the mean,, value 
for these presumably lies above l.o. 

It is, accordingly, proposed tbatidte following 
rules should be made regarding the guarantee 
and measurement of sudden short circuit current: 

All positive^ current peaks in the oscillogram 
should be joined by a tangent curve and the 
negative peaks similarly treated. The distance 
between these tangent curves measured at a. point 
1 period after the instant of short circuit shall be 
assumed to' be the double amplitude value of the 
sudden short circuit current (2 )/2 * h). This value 
is compared withethe double amplilude of the 
normal load current (2 ^2 • /) in order to give the 
percentage value of the sudden short circuit cur¬ 
rent (100/,//).* When the reactance (Xt) for 
sudden short circuit i^ given, this is understood 
to mean the phase vblt:ige of the machine be¬ 
fore short circuit, assuming no load, divided 
by the sudden short circuit current; both voltage 
and cuirent are measured as double amplitude 
or as effecHvc value (X,-f//r). This may be 
shortly called the initial reactance, ^ 

The advantages o£ using the above procedure 
are as follows: • •* 

1) Full independence is secured of chance 
asymmetry in the short circuit current curve,. 

2) No extrapolation need be made. 

•3j The observed value is very close to the 
actual greatest possible amplitude, 
j percentage value of the current has st 

dehnitive and sensible meaning (a double am- 
plitade is compared with a double ainplitudeX 
The reactance value also is fully determined 
whereas, fomerly, two meanings were frequently 
confused when speaking of reactance, 









Tbc Svenska ElektricUctsfdreningen (Swedish 
Power Station Engineers Association) recently 
held their annual meeting in Vesteras, when the 
above photograph was taken of the Members 
traether with Delegates,of*tbe electrical branch 
of the Svenska Tcknologfdreningcn, (Swedish- 
Technical Societjy) who were visiting Asea at 


the same time. - The photograph is taken; 
in •the stator of one of the three vertical 
three-phase generators for the Imatra, Finland^ 
the machine being one of 24,000 k^A at 
125 t.p.m., 50 periods, 10,000- 11,000 volts.. 
This machine when completed will, weigh 
400 tons. . • 


FRONT PAGE. 


In 1924 the Societii penet^le Elettrica dell’Ada- 
inello, of Milan, ordered from Asea three 
10,000 kVA transformers for 117,000/70,000 
volts, 42 periods for their sub-station at San 
Polo. This was the first order for large trans¬ 
formers which had been received by Asea from 
Italy and was obtained in the face of consider¬ 
able competition from American and other 
European firms, thus giving an indication of 
the reliance placed on the name of Asea in the 
world’s markets. Sometime later the same Com¬ 
pany ordered two further similar transformers 
bringing up the total to five 10,000 kVA trans¬ 


formers. The illustration on the front page shows; 
the three original transformers immediately after 
erection ana ready for setting to work. The 
transformers are water cooled, the water circu¬ 
lating through copper spirals placed in the up¬ 
per part of the thanks which ate specially de¬ 
signed to accomodate them. These transformers 
are used to connect the Company’s new 125 kV 
line from various power stations in the Alps 
with the old 70,000 kV network, and are pro- 
vlded on the 70 kV side with extra tappings 
brought through the cover, giving approxima¬ 
tely 5 voltage variation. 
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ECONOMYt 



Fwmetfy uuKhine shops ond factories gave the 
impression of a forest of bell drives which gave 
rise to losses in power, space, lime and also 
endangered the lives of workmen. 


Now in modem shops these are replaced by Asea 
geared motors which transform the earlier losses 
Mo corresponding gains and thereby radically 
improve the working ' economy. 


Asea geared motors increase the. total efficiency of a 
plant and allow of increased production, with the same 
expenditure of power or a considerably reduced ex- 

pendlture of energy for similar production. 

They set free a lai:ge*amount of space for productive 
purposes and at the same time, due to the eUmination of 
belte, allow pf belter lighting and greater comfort for the 
workmen which leads directly to increased productfon. 
Saving of time also arises as the necessity for oiling and 
maintenance is reduced to a minimum. Total maintenance 
costs are greatly reduced and working is much simplified 
while reliability is as high as can posibly be imagined 
and accidents are at the same Hme practically cut out. 

Can you afford to disregard these advattfagcs? 

If not, norite to our nearest representatives • 
for fuller particulars. 



VE^TERAS - SWEDEN 
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Fans and ventilators ace very largely used 
in modern engineering work, when it is neces¬ 
sary to circulate air or other gases. The qiics- 


SOME NOTES ON THE TECHNICAL DATA J^EQUIRED FOR THE 
DESJGN AND CONSTRUCTION* OF j^ANS AND VENTILATORS. 

It is, of course, important thaK the manu¬ 
facturer should obtain accurate information as 
to the purpose* for which thf fan will be 
used, for example if it is for ventilation, for 
the transport of grain or for forced draught in 
a boiler house. Ine addition, particulars as to 
the most suitable speed must be given, or data 
provided, from which a suitable speed may be., 
ehosen, e.g. in the case of electric drive, par¬ 
ticulars of the supply should always Be staled. 
It may be pointed out in this connection, that 
when It is particularly desired that fans sho.uld 
run silently, a relatively low speed should be 
used. Having settled the particulars mentioned 
above, the manufacturer should ascertain the 
pressure desired when working at full capacity. 
The capacity is usually stated in cubic f«ftt per 
hour, minute or second. If no information as 
to temperature is given, it is usu9l to assume 
an ordinary room temperature (15“ or 20® C) 
and normal barometric pressure. The quantity 
of alt delivered by a fan can be determined 
In accordance with the conditions existing, either 
by anemometer, by Pitot tube in combination 
with a micromanometer, or some similar arran¬ 
gement. The method employing jf Pitot tube 
and micromanometer is to be recommended, par- 
ticularfy when exact results are required. The 
supply ^pressure is*coromonly staled and measur¬ 
ed in inches water column. One Inch water 
column corresponds approttimalely to 0.«!6 lbs. 
per square Inch and is thus an exceedingly 
small pressure compared, for example, with a 
pressure of I atmospliefc, The pressures which 
are in question in fan work seldom exceed from 
30 to 40 ins. water column. ' 

As regards the specified delivery pressure of 



KIs- 1. High pt«tiuc« bn. (rpe HFR II. 

tJon of their type and design has accordingly 
become of considerable importance. In the case 
of fan equipments, especially those whlclt must 
be carefully investigated before construction|*it 
is very important that the fans should be suit¬ 
able for their particular service and should fulCl 
their gilkrantees as regards capacity, power re¬ 
quirements, etc. If the builders arc provided 
advance with all necessary information for 
the design and construction, or when the whole 

installation is under- 
taken by the fan 
builders, no great 
difficulties usually 
arise. As, however, 
the customer often 
considers a few lead¬ 
ing technical parti¬ 
culars to be suffi¬ 
cient for designing 
fans„ we wish to 
show in the follow¬ 
ing that this is not 
so and that a num¬ 
ber of factoj9,usually 
disregarded, may ex¬ 
ercise an important 
bearing on the work- 
fig. 1 Tiicbo vanllbling (an, type TV. ing Ot the fan Unit. 




KIg. J. fan (m imokr cawt.^ly|ie RB, with water c«ol«d bracing*. 
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Sirocco fan, lypo SF» 


a Kan, where it is possi|>le to assume with su f- 
iicient accuracy for practical purpose, that the 
air has constant specific volume durlifg the 
working process inside, and outside the fart. 

If the fan draws 
air directly from the 
open, the speed of 
the air at a point 
remote from the in-d 
takcjs‘“ 0 and there T 
is neither over- nor 
underpressure at that 
point. If there Is no 
pipe or duct to cause 
losses on the way 
to the intake, wc 
have between, any 
two sections on the 
intake side: 

/i as 0, and the formula given above assumes 
the form : 



Pff. 6 . Blotver, eyp* UK* 




a fan it should be noted that this may often 
have different meanings. Before dealing with 
the. more usual of the different conceptions 
howiver. it will be of assistance to mention the 
following. If a quantity of air moves along any 
duct (the specinc volume and specific weight 
of the air being assumed constant), as shown 
in fig. 5 the difference In total pressure between 
two sections in the duct'represents the power . 
gained or lost per-unit ol volume between 
them. If the difference in total* pressure is as¬ 
sumed to be A inches water column, this can 
be expressed by the fotnftila: 

in which pz and .pi ate the static over or under 
pressures in inches of water column, at the re- 
spective s'ecHons’ A and B in the figure, Fs 

and Vj — the ave¬ 
rage velocity of 
air in feet per se¬ 
cond at A and B, 
Vo = velocity cot- 
respondingtounit 
pressure. 

The expressions 

called velocity 
head or dynamic 
pressure. 

- The formula 
can be applied to 


-Wi 


ns.*. 


If the speed at some considerable dbtance 
from the intake is v^ and « 0, then also p, « 0, 

and wc have pj - — (—f. At every section on 

the intake side at which the speed is not zero 
there accordingly exists a vacuum equal to the 

velocity pressure {^). 

If the fan intake is a duct with some arrange¬ 
ment causing pressure losses, such as beating 
batteries, air filters, etc. there would naturally 
be a greater vacuum in the duct titan that 
coriesponding to the velocity pressuit. With a 
fan, which works with a free outlet the stafic 
pressure at a section through the outlet Is » 0. 
If the outlet Is 
connected to pip¬ 
ing giving rise to 
friction losses, etc. 
this causes in ge¬ 
neral a static over¬ 
pressure at the 
delivery side. 

The formula 
can be applied 
also between tne 
inlet and outlet 
sections. The total 
pressure diffe¬ 
rence is then ap¬ 
proximately the 
same as the in¬ 
crease in energy pu. 7. Tiitb«* vc«iil«iiaii ljm, ijrpe tv. 
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8. Turbo venliLilinff Cao. type TV, 


occurring in the current ol «ir per unit of 
volume, while the averjige value of v, and v^and 
pj and pt are used. If the total difference in 
pressure obtained: 

is multiplied by the. quantity of air, which is 
assumed to be Q cu. ft./sec. the product Q x A is 
equal to that part of the power supplied to the 
fan, measurable between the Inlet and outlet 


sections, in ft. Ibs/sec. or expressed in h.p.“ 

Many firms give. In their lists and capacity 
tables for fani, the total pressure difference 
which A often only referred to as “total pres¬ 
sure”, and in Asea lists covering Schlotter ven¬ 
tilators, tfirbo ventilating fans, forge blowers, etc. 
this pressure is used. Some firms and customers, 
however, give a pressure which cannot be ex¬ 
pressed by the formula used above, but intend 
by pn»suie a "static pressure” which, in roost 
cases, is equal to the static over-pressure which 
<OHld be maintained, with the desired delivery. 



at the outlet, if the fan were used as a pressure 
• fan with free inlet. 

As misunderstanding regarding pressure otten 
occurs, it is very necessary that in oil technical 
particulars regarding fans a clear statement should 
be made as to trhether the required pressure is 
looked upon sis total pressure or static pressure. 
In order that the desired result shall be obtained, 
it is however also vessential that a number of 
other conditions not yet mentioned should 
be taken into consideration. Some information,, 
regarding these will be given below. 

Assume, for example,,that th'e air'capacity 
and the static pressure are specified for a pressure 
fan which, when installed, is to be connected to 
a pipe line with a smaller cross sectional area 
than the outlet opening of the fan, as ipdicated 
in fig. 9. 

On the basis of the data given, the manu¬ 
facturer can only de.sign the Ian so, that ft will 
deliver the required volume of air at the required 
pressure represented by static ov/lr-prcssure at 
the outlet. The customer may, however, assume 
that this pressure applies at section B, where 
the delivery piping commences. If we disregard 
losses in the connecting piece from A to B 



Pin. 10. Air stnd %mokt fans tot 9 boiler plaal. 


• r 

the total pressure difference h must, In accordance 
With the foregoing) be zero, f.e. for every section 

between A and B the expression p +"(^ 7 )* must 

be constant and for this^'ason the static pres¬ 
sure at section B is less than at A. In order 
that the required quantity of air shall be deli¬ 
vered to the pipe a fan Is required, designed 
fot a considerably higher static over-pressure 
at the outlet A, in order that the static press- 
ure drop along the path to B may not be 
greater than to give the intended static over¬ 
pressure at B. As the fan Is now arrang¬ 
ed, we shall obtain, if the speed remains 
constant, a smaller quantity of air than that 
desired for delivery into the pipe line, Fans in 
general have the common characteristic that they 
are uni^blc to give more than one pressure for 
a given air quantity ^and at a constant speed. 
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If, '(or a certain quantity o( air, the resistance 
in the pipe line is greater than the hin can 
meet, the quantity of ait delivered is automa¬ 
tically reduced to 
a value corres¬ 
ponding to the 
new air resistance, 
which isproduced 
by the smaller 
air velocity and 
which the fan can 
overcome after 
the alteration in 
delivery volume. 
The friction loss¬ 
es, etc, occurring 
in the connecting 
piece between the 
fan and the pipe 
lipe further help 
to diminish the 
quantity of air. If 
tne customer had 

_ ^stated the size 

PiR. 12. Special fan cAmI foe vtnuiaiion (diameter} foc the 
crf««iu.tirp.K 2 ». sectional area at 

B at which point he calculated that the static 
pressure niust exist and, in addition, the space 
which could be aUxmred for the fan together 
with any connecting piece that might be neces¬ 
sary, the manufacturer would clearly have 

been able to design the. 
fan for the exact pr^- 
sure which it would 
have to develop to give 
I the desired capacity. 

Similar unexpected 
results may occur, if the 
connection is made in 
some manner different 
brom that given in the 
above example, and the 
eUh PfopeUwho, lyiM rv. « same applies when con¬ 




necting bins to suction 
pipes. 

What we have said 
above applies to fans 
in conjunction with 
pipe lines. Fans are 
often used without such 
pipe lines or ducts, for 
example where air is 
to be supplied or with¬ 
drawn from a room by 
a ventilator placed in 
an opening in the wall. pir. m. PMpdierran. tyjwvv. 

In such a case the 

losses arc not chiefly friction losses but dy¬ 
namic losses. Pressure may. suitably be regarded 
here as being the static pressure difference on 
the two sides of the wall in which the fan is 
working, measured between sections sufficiently 
large so that the influence of velocity pressure 
can be neglected. This static pressure diffe¬ 
rence is clearly independent of the dimensions 
of the ventilator, so that this can be manufac¬ 
tured without difficulty, if only the capacity 
and the correct pressure Is stated. In cases where 
the customer has some special requirements 
regarding the size of the ventilator, having 
regard to the space available, etc. these can be 
met without trouble and when designing the ven¬ 
tilator, it should also be remembered that a fan of 
small diameter and running at a high speed re¬ 
quires more power to drive it than a fan of the same 
capacity with a larger diameter and lower speed, 
^hat we have said above will make It clear that 



complete and exact 
technical particu¬ 
lars are of great 
importance, if suit¬ 
able fans for diffe¬ 
rent' purposes are 
to be obtained. 
The technical data, 
which must of ne¬ 
cessity be used in 
designing fans, can 
be summarised as 
particulars cover¬ 
ing: 

1) The purpose 
for which the. fan 
is to be used. .* 

2) Suitable speed, 
or pafticnlars from 
which the manufac: 
turer can* make a 
choice of the speed, 
and if an electric 
motor is to be used 



‘ 15. Oegao fan. type OF, wftb 


oa iIm Inulie. skk., 
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for driving, the 
voltage and type 
of supply. 

3) The volume 
(air or gas) re¬ 
quited per unit of 
time. The specific 
weight, tempera¬ 
ture, etc. if these 

' should depart 
from ordinary 
conditions. 

4) (a) fbr/an.s 
with pipe iines, 

' The static press- 

wfth housinif (with sifoal ievke). toM pTCSS- 

ure and delivery 
and intake duct dimensions (diameter) at points 
near to the fan, where the specified pressure must 
exist and also the space at disposal, should the 
fans be provided with connecting pieces. Par¬ 
ticulars should also be given as to whether 
static pressure or tPtal pressure is to be assumed. 

(b) for fans wilkeut pipe lines. 

The static pressure equals the static pressure 
■difference as described above. When the quantity 
•of air is to be delivered with free inlet and 
nutlet, i.e. if the static pressure»0, this should 
also be stated. In cases where the &n may work 
with variable pressure and dil&rent deliveries, 
this should always be stated, as fans, with the 
exception of Schlotter ventilators and certain types 
•of propeller ventilators, require a greater amcwnt 
•of power when delivering large volumes oftir 


than with lower quantities even 9 t the same speed, 
, which,can, in turn, exercise some inQuence on 
the choice of a suitable size of motor.. 

In the case of fans for special^purposes as 
forge and cupola blowers, organ blowers, etc. 
it is often di^cult for the customer himself 
to specify the desired capacity, pressure, etc, 
and the manufacturer must often be satisfied 
with particulars regarding a few, of the con¬ 
ditions only, such as information regarding the 
number of forges, their diameter, etc. The par¬ 
ticulars which are required in the case of fans' 
for special purposes are commonly obtained from 
catalogues and question'sheets issued by the 
various makers. 

It is very important that the particulars given 
in catalogues and descriptive booklets should 
be as complete as possible, so that theV will be 
of assistance in the selection of suitable fans 
In different cases, If the quantity of air and,,prcss- 
ure is given. It follows from what we have said as 
regards fans for connection to pipelines, that the 
inlet and outlet dimensions should be given. 

The present article is only intended to enu¬ 
merate the technical details which are necessary 
for fans In general, where demands, as regards 
capacity, necessary h.p, and suitability for any 
particular service, are relatively high. The par¬ 
ticulars we have given may well be of interest 
to all engineers having to deal with fanjs, as 
showing the most important of the technical 
particulars, which*have been found necessary 
by Asea and which have been followed out 
when supplying fans. 



17* Vtew in iIm (in dt|Mriiniiit o} Asoi's works. 










|jil«rktr of Iramcar. 


Fig. 1 above Is an exterior view of one of 
the tramcars furnished with electric equipment 
of Asea’s manufacture which has been in ser¬ 
vice for about a year on th<^ 23 km suburban 
line known as the ValUe de Fonloy in Alsace 
Lorraine. The electrical equipment was supplied 
by Asea and the tratn constructed in coopera¬ 
tion wirti the builders of the bodies, Messrs, 
de Dietrich &. Co. of Rei<ihshoffen, who supp¬ 
lied the whole of the'mechanical parts. It is 
interesting to know that this important firm 
is one or the oldest industriaf plants in France 
and is belonging since about 280 years to the 
family of Messrs de Dietrich. 

Each tram is provided with two motors de¬ 
signed for an outpq|of 65 h.p. at 730 r.p.m. 
for a line voltage of 630. The gauge is 1,000 mm 
and the diameter of the 
wheels 820 mm. 

The equipment is of 
the Asea standard for 
small tramcars designed 
for 500—700 volts D.C. 

These equipments du¬ 
ring the last few y^ars 
have undergone consi- 
demble alterations in de-' 
sign and a detailed des¬ 
cription may accordingly 
be of some interest. 


The motors are of the modem self-ventilated 
type furnished with roller bearings for the ar¬ 
mature shaft. The motor construction will be 
clear from figs. 2 and 3, the latter illustration 
showing the completely erected motor. 

^e field magnet frame is not split and this 
is becoming general practice in the case of ven¬ 
tilated motors. Earlier motors for tram^y ser¬ 
vice were in general split horizontally as this 
was regarded as an advantage from tpe main¬ 
tenance standpoint, making the machine accetir 
siUe for overhauling and inspection by dis¬ 
mantling the lower half of the frame over a pit. 

From a practical point, of view this advan¬ 
tage is, however, not of such great importance 
as most of the work to be carried out can be 


Fig. L TrjicUoti 


effected more quickly and better If the motor 
is first removed from 
the car and afterwards 
dismantled, As regards 
construction the undi¬ 
vided field has the ad¬ 
vantage that the poles 
can be placed in the 
most suitable positions 
and a more satisfactory 
utilisation of the limited 
space available is made 
.. pWible. At the same 
time, the undivided field 
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has better magnetic characteristics, and manii' 
facture is more simple and easier to carry out. 
In a ventilated motor a relatively high vacuum 
may exist in the machine at high speeds 
and with a divided field frame it is easy for 
oil and dirt to be drawn in, and this fact con* 



F|r. 3. CooipUltd IracHon motor. 


tributed considerably to the general adoption of 
undivided field when the self-ventilated motor 
was introduced. 

Ventilation is carried out by a fan wheel 
mounted on the motor shaft, which draws air 
through a filter on the reduction gear side ar¬ 
ranged with an air intake at right angles to the 
length of the car. The cooling air passes through 
the motor in two parallel paths, partly through 
ventilating ducts in the rotor and partly through 
the openings between the field coils and Is then 
discharged by the fan through an outlet at the 
wromutator end. The filter is provided so that 
the heavier dust is separated from the air and 
it is so arranged as to be easily removable for 
cleaniim. As both field and armature windings 
are, on account of their construction, pracli- 
cally speaking unaffected by damp and dust, 
the construction of filter adopted provides, in 



Rg. 4. Amutifv. 

most cases, a fully sufficient amount of protec¬ 
tion. In cases where the line is laid in parti¬ 
cularly dusty roads, the air intake may suitably 
be connected with the interior oftheca^ through 
a flexible pipe. 

The field magnet of the motor is of Siemens 
Martin steel and is arranged with large openings 



9 

Fis. 5. Bnab hoMn mil brmh with (onauclinit t.ii. 


for inspection which are covered with dust 
tight removable covers. The shaft is of nickel 
steel with carefully ground bearing jotifnals and 
can be removed without completely dismantling 
the armature. 

The roller bearings for the motor shaft are 
amply dimensioned and are mounted in roomy 
and well enclosed housings. The driving wheel 
shaft bearings are split sleeve bearings and are 
arranged with pad lubrication. 

The rotor copper is cotton insulated and the 
colls are insulated from Iron by means of mica 
and are laid in open slots where they are te¬ 



ns. & Pmto)|f.|ili mllcdw. 


mined by fibre keys and bands, of steel wire. 
Larger motors of the same type have the rotor 
windings insulated throughout with mica. When ' 
the winding is compI,eted the armature is va* 






F(r. 7* Dias»m of comwctkms. 


cuum imprcjgnittecl after which the coll ends are 
covered with cloth hoods, impregnated with a 
special varnish. • The windings are in this way 
practically coiitpletely prot<ycted against damp 
and dirt. 

The commutator, w^h is made with seg¬ 
ments of hard draVrn copper^ insulated with 
micanit^, has a wearing depth of between 10 
and 20 mm without tlje mechanical or electrical 
properties being in any way efiftcted. After the 
wire bands have been put in place, t^ arma¬ 
ture is tested’at an overspeed of 50^ above 
the highest speed likely to occur in use, and 
- subjected to careful static 

and dynamic balancing. 

Fig. 4 shows a comple¬ 
tely finished armature. 

The field winding con¬ 
sists of four main and 
four interpole coils and 
these are impregnated with 
a heat resisting compound 
under a high pressure so 
that a higly compact wind¬ 
ing having the greatest 
possible properties of re¬ 
sistance to dust and damp 
is obtained, while the coils 
. , are also well able to with- 
-Vand high temperatures. 


The brush holders are of bronze and are 
fitted in an adjustable manner on insulated bolts 
which are mounted in supporting brackets, usii^ 
mica Insulation and porcelain insulators. The 
brushes are fomished with interchangeable con- 
ta(t clips having tails rivetted to them. The 
arrangement of nie brush holders with bntshes 
and tails can be seen in fig. 5. « 

The toothed ring of the main gear wheel is 
of Siemens Martin steel with a tensilp strength 
of about 55 kg/mtn* and 
the pinion is of specially 
case hardened carbon 
steel with a tensile 
strength of about 80 
kg/mm^ The teeth are 
cut in special modem 
machinery. The gear 
casing is of sheet steel 
with oil bath lubrica¬ 
tion. The current collec¬ 
tor, having regard to the 
high maximum *speeds, 
reaching approximately 
40 km/hr, has been de¬ 
signed of the panto¬ 
graph pVtem with an 
automatically adjusting 

{ Flf. 9. Ovwload dioiit braakcr 

The connecting up of inwAiiMi. 
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Fi(|i ia Coalralkr. 


the electrical equip* positions can be used 
inent is shown in the tor shunting th]^ field 
diagram, fig. 7. * of the'motors. , 

From the panto- The main controller 
graph collector the drum consists of a hea- 
current is led to a vy cylinder of insu- 
reactance coil moun- lating material ^ith an 
ted on the roof of asbestos proftetive co- 
the car, one pole of vering. The sector sup- 
which is coupled up ports are of brass ^d 
to a lightning arrester the contact segments 
of the horngap type themselves are of hard 
an<( from there drawn copper, 
through two circuit The contact fingers 
breakers in series to of the main drum are 
the controller, resi- of strong adjustable 
stance and motors, channel type and have 
The circuit breakers spiral springs and in- 


are of standard tram- 
car pattern conve¬ 
niently placed for 
hand operation from 
the driver's position. 
One of these circuit 
breakers is provided 
with adjustable over- 


terchangeable copper 
contact pieces as shown 
in fig. 11. This design 
of finger has the advan¬ 
tage, not possessed by 
laminated fingers, that 
welding up under the 
action of the arcs is 


load release. These eliminated. 



circuit breakers have particularly heavy contacts 
and powerful magnetic blow-out, as shown in 
fig. 8. Fig. 9 shows an overload circuit breaker 
of a dinerent type intended for a somewhat 
heavier breaking capacity. 

The construction of the controller is illu.strated 
ill fig. iO. 

In order to keep down the overall height of 
the coq^roller and, at the same time, to allow 

the use of fairly wide 
fingers on the main 
controller drum, some 
of the group connec¬ 
tions made when chang¬ 
ing over from running 
to braking are furnish¬ 
ed on a separate drum, 
the contacts of which 
only close when carry¬ 
ing no current. Chang- 
n«.ii. Conuct Anii«r. Ing Connections forte- 
versing the direction of 
rotation is effected on a special reversing drum 
and the contactors of this also caily close when 
«a^ing no current. 

The main drum is furnished with six running 
positions with the motors in series, five posi¬ 
tions with the motors in parallel and seven 
|>ositions for short circuiting the motors to pro¬ 
vide braking effect. When required, one of the 
series positions and up to two of the parallel 



The fingers for run and brake control and 
for the reversing drum which do not operate 
when carrying load have heavy laminated 
springs of phosphor bronze. The main drum 
and the reversing ^drum can only be moved 
when the main drum is in the "off” position. 
The running and braking drum is operated by 
a cam from the main druAi in such a way that 
when the main'drum is placed in the ^rst po- 



13. Aulomalfc cmetRcncjr bralte 


sition for running or braking it is turned into 
the corresponding operating position and remains 
there as long as operation continues on the same 
part of the main drum. When the main drum 
is returned to the "off*; position the run and 
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brake drum is also re* 
turned to the neutral. 
In this position all the 
circuit's made on the 
main dnwn ate open. 

The electromagnetic 
blow'out on the main 
drum is particularly 
strong and this has been 
arraneed while keeping 
the blowout coil or 



14. fUtiUanes frame. 


fitted with a dead man’s 
handle and fig. 13 the 
automatic eine^cncy 
brake valve which was 
used on a number of 
the earlier cars supp¬ 
lied by Asea. 

The starting and 
braking resistances are 
made up of constantin 
wire spirals mounted 


reasonable dimensions by arranging for it to be in. 10 frames which 

short circuited when the controller is in the the roof of ‘he The resistance spirals are 
highest'speed posittbn and only connected in supported on the frames from insulators and 
cireuit during starting and braking periods. arc provided with connecting screws by which 
When the*”pay as you enter” system is used, adjustment of the inte^als of the resistance 
the controller Is^ provided with a dead roan’s ^n be easily effected, fhc des gn is shown by 
handle*In connection with the main controller fig. 14. In ^dition to ”*^*|*?5®*j ^"‘****j 

drum When a spring button Is released, a relay resistance frame is provided, suitably designed 
on the motor cireuit is automatically broken and for working in conjuncHon with the electro 
the air brake is applied after a certain adjust- magnetic track brakes on *"5 

able time bg. If the driver docs nol depress frailer cars. The connections for these track 
the stop bufton again. Fig. 12 shows a controller brakes can be seen on the diagram, fig. 7. 


THE FIRST ASEA DYNAMO. 


We have just been successful in securing the 
return, for-inclusion in the Asea Museum, of 
the first electrical machine constructed by Jonas 
'Wcnstrdm, the first technical Director of the 
Company, and*whlch was ipanubetured by Ihc 
Electrical Company of Stockholm — how Asm. 
At the same time, we were able to obtain the 
"Wenstrom magnetic bre separator, for the excita¬ 
tion of*wblch the dynamo has been used. Die 
dynamo in question ,may be regarded as a 
valuable curio from the electro technical point 
of view and it will, no doul^, interest a number 
of the readcrs.’of the Asea Journal to have an 
opportunity hf examining the particulars, together 
with some illustrations and notes, touching the 
construction and .characteristics. 

As far as we have d>een able to ascertain 
Jonas Wenstrom had previously had only one 
machine built, namely the dyntimo type .^hlch 
was completed in February, 1882, at Orwro 
but this was scrapped many years ago. T"* 
drawings for the dynamo now in question, 
type B No. 1 (which is thus actually the second 
machine built to Wenstrom’s design) were com- 
'pleted in September 1882 and the machine was 
manufactured along with five similar dynamos 
durii^ the remainder of that year, and in the 
-year tolibwing. 

The dynamo, the general construction and 
.appearance of which can be gathered from the 
Ithotographs and drawings, was 2-pole wilh 


concave depressions at Ihe poles, a feature w^cb 
gained it the nickname of "Stew-pot". (The 
first dynamo of type A referred to above was, 
on account of its low height and general appe* 
arance, known as "The Tortoise"). Onexiimining 
the drawings the latge pole arc will be ira- 
mSdiately apparent and If Is parlicularly worthy 
of note that the edges of the poles are inclined 
by an amount which approximates to^the slot 
spacing. The armature is of ring type wh" •* 
brass spider and has semi-open slots for the 
winding, which consists of 8 (or 10) turns «f 
2 mm copper wire in each of the *42 slots. 

In developing the design it is obvious lhat 
the chief endeavour has been to obtain a short 
and easy path for the magnetic flux and to 
restrain this to the greatest possible extent so 
as to prevent magnetic leakage. ’With reference 
to this point and the means taken with regard 
to it is inleresling to read some of the remsirks 
made by Jonas Wenstrom in an article written 
in 1885 regarding bis system of dynamo design 
published in La Lnmi&re Electrique. 

"The main Idea In my system of dynamo 
construction is to make better use than Is eom- 
monly done of the magnetism developed by 
the field current and thereby, other things being 
equal, tc^reduce either the speed of the dynamo, 
its internal losses or else the amount of “five 
material employed. The method by which Ibis 
idea has been put into practice provides other 
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.* 

advantages also, such as simplicity of manU' it must be designed so as to have equally good 

facture, pcotection against external influence and , magnetic condueting properties throughout, so 

good ^magnetic connection between the poles that at no part will* the flux take some^other 

and armature, together with a good rigid con* path outside the iron core and qp the other 

struction and lastly from the cominerical stand hand, the core will not be unnecessarily thick 



Pif. !• Awa*s imiscum. 


paint an arrangement which, as regards appea* anywhere. On the drawings where the m^net 
ranee and Sesign, marks a considerable depar* yoke A is Joined" to the poles‘W and S &ed 
ture from other dynamo systems^ upon plates B and cylinders C, it will be noticed 

Starting from first principles it is known that how the proportioning is arranged and it will 
an electric current flowing in a conductor creates be seen also that unavoidable* joints‘^rc placed 
a magnetic field at all points surrounding the in such positions wheee thriy can be made laigc 
conductor. In ordinary dynamos where the field and broad so as to reduce the reluctance which 
magnets consist of iron cores surrounded by a break in the iron core introduces into the 
windings, only a part of the magnetism, that path of the magnetic flux, 
which is produced where the iron core is situated, /^fter having made arrangements for the pro- 
is collected, conducted to the tmlesand utilised', tection of magnetism and its conduction to (he 
The remainder,' about half of the total, is dis* poles in the above manner,' so as to give rise 
sipated in the surroundings whert it often makes to as litde loss as possible, it remained to 
its presence known e.g. by magnetising watches etc. reduce opposition to its passage from pole to 
In my dynamo, the field winding is enclosed .pole through the armature. This is the more 
on all sides by iron which completely^ absorbs important as it is in the armature only that the 
the magnetism produced and only ft} an in* magnetism is made used of and it should ac* 
considerable extent can it be detected outside coraingly be conducted there with as little loss 
the machine. The iron core must have sufficient as possible. The resistance to the flux is caused 
thickness to carry the whole flux and in addition here by the break in the iron circuit which is 












riu. 2. PActhnit* of anm^mMi drawintf* foe dymAino ln»« H. No. I. 


often consiclerabl<2 dw® to the distance between 
the poles and the Iron coA of the armature. 
To ensure free rotation of the armature In all 
cases, more or less* clearance is essential but 
tbU Is <*ftcn increased by placiAg the armature 
conductors on the outside between the poles 

and the Iron core. * . 

In my dynamos this disadvantage has been 
reducted to a great degree bf sinking the con¬ 
ductors into the armature core in cylindrlwl 
slots provided with small openings to allow the 
wire to b« placed in position. In this manner 
the iron core has'a seriej of projections wblw 
enable an unusually • large iron surface to be 
presented in the neighbourhood of the poles 
and at the same time the armature conductors 
are coveted and protected so that It is possiWe 
to reduce the air gap safely to a much sroalftr 
value than Is usually the case. The size of the 
armature surface and also the armature core in 
general, which has to be traversed by the same 
6 ux, Is carefully designed so that it affords 
sufficient cross sectional area at every point to 
carry ^hei whole of the ■ magnetism passing. 
Accordingly, in this armature no flux passes 
through the conductors themselves, so that it 
does not matter whereabouts in a slot .a wire 
may He and it can be at the bottom or at tbe 


top equally well. The Iron surrounding the 
conductors also serves to shield magnetically 
the conductors In one slot against Induction 
from conductors in neighbouring slots. The self- 
induction of the armature is thereby reduced. 

How completely such an armjtture cah collect 
the magnetism from the poles can Msily be 
shown as If an armature is withdrawn from oije 
of my dynamos it is possible to detect a con¬ 
siderable amount of remanant mametUm In the 
poles which cannot be observed when the arroa- 
tute is replaced. 

I have indicated here how by my dynamo 
system the greatest possible saving In magnetism 
has been effected, and as magnetism for its 
production requires a certain expenditure of 
Urk it 1$ clear that I have also succeeded In 
effecting a saving in energy which, if desired, 
can be exchanged against a reduction in speed 
or in material. In most cases for practical reason^ 
it is desired to reduce speed to a rainiroum and 
to put this requirement before any saving In 
power or material" . , r 

In strfWng to reach the end mentioned above 
a number of other important conditions were 
disregarded but this Is quite natural, taking into 
account the general point of view which prcj 
vailed at the time with regard to this special 
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0 Kfo / « A No. f» 50 roll* i2 imp*, 600 ruirr « .70 rof/f, II owpi. 
600 r,p.m. Maguethtrlngskutra m atr^es, 40i*oli(¥td 

600 ntv) » 40 volts (»l 600 Tompinif » No hod. Moth 

niog (12 omp,\ « tooif (12 ompsd Moist, I mog».Mnd»lng (vom) 
4,§iohm ^ RssIstMco of field wiodluff (hot) 4m plioit. Amp, mogn, « 
MogntHsttig omps, Med porolMlliopptade mogaelspcioe = ir«A iw* 
rolM connoclorf field colls. 

Fig. 3. ChjrAdorfsfic c«mf for dynaimQ fyp* R, No. 1* 

♦♦ 

phase o( design and the theoretical and expert* 
mental results available. If the external leakage 
was sinlll there still remained a very considerable 
amount of internal leakage between the pole 
s[(oes anil the surrounding parts of the magnetic 
circuit It <s, however, indisputable that the 
placing of the armature winding in more or 
less open slots was a real piece of pioneer 
work as it enabled the armature windings to 
be made an excellent mechanical job and at 
the same time reduced the magnetic reluctance 
in the air gap and this was found of the 
greatest possible importance also in the case of 
induction motors. As regards D.C. machines 
the endeavours which were made, more or less 
successfully, to reduce the magneto motive force 
in the air gap were anythiuf^ but favourable 
to electro magnetic stability In general and to 
commutation in particular. The small part played 
by the air gap in the magnetic circuit can be 
noted from the no load magnetisation cyfvc, fig. 3. 

The dynamo was originally designed for an 
output of 60 volts and 25 (to 30) amps, at a 
speed of 1,200 r.p.m. As it did not run very 
successfully on this load the output was after* 


wards reduced to 30 volts and 12 amps, at 
600 r.p.m. with'out any other alteration than 
connecting the two shunt field coils In 'parallel 
and increasing the air gap from 4 to 2 mm. 
On this load the machine has onerafed during 
its whole workihg life and the results as regards 
heating reliability and wear, having regard to 
the conditions in general, must be regarded as 
being entirely satisfectory. 

Tests have now been qtade to determine the. 
efficiency on the above load with the following, 
results: 

Bearing and brush frictioh .| 80 watts 

approx. I 

Hy.stcrcsis and eddycurrent losses ...| 22 h 
Resistance losses in armature winding 

and brushes... *65 » 

Resistance losses in field winding and 

rheostat... 

Output at terminals . . 36(J » 

Tcftal 677 watts 


From which accordingly the efficiency 


360*100 

677 


= 53)lf 


This value having regard to the reduced out¬ 
put and the low speed must be^regarded as 


! 




Fig. 4. Djnumo lype A "ToHoite" 


being relatively high. It is clear that {he output 
(current) was not reduced to the great extent 
mentioned on account of heating, as it was 
foimd .that the temperature rise with this load 
was not more than approximately 30fC. 
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The fAct tliat'it was not possible to obtain a 
good (spnrkless) operation or the machine at 
the otfginal output for wnich it was designed 
(60 volts, ‘$5 amps., 1,200 r.p.m.) was due 
among otKer things to the ampere (urns of 
armature reaction oeing not IciA than 10 times 
.IS great as the ampere turns fw the normal 
flux through the air gap (1 mm). The necessary 
leading forward of the briislfcs from their normal 
position so that the, coil under commutation 
^vas under the leading pole face caused an in- 
duced e. III. ,of some tens of volts to be ge¬ 
nerated fliercin on acoount of the armature reac¬ 
tion, due to the high magnetic induction in the 
sh<Kt circuited coil. That this must have resulted, 
to say the least, in an "irreproachable amount 
of sparking"*) at the brushes is quite clear. 

•) Thu the txitrettion nud «« lh» leu rt|<oH of one of the 
ukicr 


In spite of the troubles we have touched upon 
above (which were also to some extent found 
in older designs and which he sought td over¬ 
come by the use of commutating poles, earlier 
than 1890, although this idea was not proceeded 
with, due to causes for which we have no room 
to explain fully her^), Jonas Wenstrom’s old 
dynamo machines when viewed in their proper' 
historical surroundings must be looked upon as 
first«class and worthy of taking their place 
ampng the best which were produced at that 
lime. The most noteworthy point about Jonas 
Wenstrom’s dynamo was the rigid and natural, 
connection between the electro magnetic and 
mechanical parts which were united to a con¬ 
structional and organic whole — a quality which 
was very often lacking in other machines pro¬ 
duced at that time, when electrical technology 
was quite in its infancy. 









SWITCHGEAR 


Even where the best electrical machines arc employed good operating results, 
free from disturbance, can be Attained only l(:^the neccs^ry apparatus for 
controlling, regulating and protecting the machines 1^ cb^tructed In alnanncr 
designed to meet the working conditions fully* 

This applies In equal degree to combinations of Instruments Sndnapparatus 
which are grouped under the general heading '^Switchgear*' and ^ where rella* 
bility and suitable arrangement of the different pieces of apparatus in relv- 
, tlon to one another Is of the greatest possible importance* 

Experience extending over many years In this direction Is a giirantee that 
Asea's designs to meet any conditions are always the most suitable and that 
the construction, material and workmanship are of the highest ipsslblc class. 

As in the c^e of all Asea manufactui^ no. plc<;e of appiltatus leaves the 
shops without having undergone stringent tests In both electrical and me* 

chanical respects* 

Always apply for our Quotations when^ln the market .|^r electrical switch- 

gear and apparatus, • 



Vtttccas 1927, Wcttmaalamb AlUhaiKU l*rinliiia^Go. 
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AUTOMATIC STARTERS AND REGUtATING DEVICES ON 
MOTORS FOR INDUSTRIAL SERyiCE. 

GENERAL CONSIDERATIONS. controller or master switch respec^velyT which 

The experiences of late years In the diflFiculty makes the clrcnit of the current for Jhe coils of 
of obtaining skilled workmanship, and the ne- the contactor, J’hese In turn e£Eect the mak^g 
cessity of pushing up production as far as pos* and breaking of the main current. Cominoiuy, 
sible while reducing manufacturing costs and in this case an automatic arrangement is moved, 


Fig, I, Skftich showing Ihc motion of the contacU 
whin swilching on sum off (dotted lines indkale 
first and full lines the ultinute positions of the 
^ moving conlsct when swilching on). 


loss of Hme caused oy expensive repairs^ have 
aroused increased interest in automatic switch* 
gear equipments with electric machines. Custo¬ 
mers have more and more 
learnt to appreciate the ad¬ 
vantages of equipments which 
can be started by unskilled 
persons without carelessness 
resulting in burnt out mo¬ 
tors, damaged contacts etc. 
and which allow of simple 
and easy operation. Thus, 
in colling mills the introduc¬ 
tion of indirectly operated 
controllers has made possible 
rapid reversing operations 
which, with manual apparatus 
difficult to handle, were pre¬ 
viously impossible. The num¬ 
ber of failures has been con¬ 
siderably reduced and to the 
same extent also repair costs. With printing 
presses, semi or full automatic equipments have 
gained a good fooling and to run with simpler 
apparatus would now be unthinkable. , 

In reviewing the different apparatus eqiilp- 
ments for motors, which are used industrially, 
the following sub-division will be of great help. 

1. Hand operated equipments. 

2. Indirectly operated equipments. 

3. Automatically operated 

equipments. 

As characteristics separat¬ 
ing these groups the fol¬ 
lowing maybe given. With 
the hand operated arrange¬ 
ment, making and break¬ 
ing of the motor current 
and regulation of resistance 
is done direct by manu¬ 
ally operated switches and 
controllers. With the in¬ 
directly Sperated arran¬ 
gement, however, these 
operations are done by 
the intermediate, coupling 
of an operatin*g current 
circuit, so that the work 
is done by a smaller con-* 
troller or switch (master 



which prevents t<^ rapid starting. The atten¬ 
dant can turn the master controller full on but 
the starter works independently of this so that 
the current is inaintainedT 
within safe limits,,The last 
group of starting apparatus 
is finally entirely automatic 
f.e. it works independently 
of the attendant. Here we 
have a separate cdiitrolling 
apparatus which transmits 
impulses to the starting appa¬ 
ratus, when the motor is to 
be started or jgopped. This 
opens, or closes respectively, 
an operating circuit which 
then in turn acts on the 
switch in the main circuit. In 
general, the two last groups 
of starting apparatus arc com¬ 
bined under thq, name »auto- 



matic». In the following also the term "automatic 
start" has been used In its wider sense. The 
reasons which lead to a chan((e from the hand 
Operated apparatus normally used to automatic 
equipment are many. As some of the mote im¬ 
portant we pui forward toe following. 

1. Operation by controller and mgulating 
panel has limits a^ with large motor outputs 
the gear is heavy to operate and in the case 
of forced drive not so proof against wear as 
contactor gear. 



nf.2«. A6t. 1/109bcuMdi 
. aomulaitreiif I00ampi» W 
volts D.C 


-Fig. AEV broakiag oortnol cunvni I00«mgi« 500 volts^ 
50 ptrkflt, A. C. 
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na. )«. AKV 3Mm brealtlnii 1.300 «m|M. 
<00 voll* l).C. tikliKliw l«Ml. 


With, haiid 
operate^ appa-. 
ratus and in- 
temnittentdrive 
it is rare to 
exceed 60—80 
b.p. and ifwork 
IS very forced 
we are glad to 
keep under 
this. 

2. Large po¬ 
wers are brok¬ 
en easier by 
separateswitch- 
es than with 
controllersand 
regulating pa¬ 
nels. With contactors we can also, without 
greatjiy increased cost, provide a number of 
safety arrangements such as no-volt release, 
overload reUascs tic. With apparatus which is 
built up of a row of separate elements, such 
as Is the case with a relay starter, it Is easier 
to bold spares or to standardise than t.g. with 
a controller where, by a short circuit, a whole 
apparatus can easily be damaged while difficulty 
as regards stocking adequate spares exists on 
account of ,thc high price. 

3. Lastly, there is a Hue embracing special 
machines for the drive of which different re¬ 
quirements for* regulating, acverslng tic. exist. 
Here by automatic arrangements good and eco¬ 
nomical solutions atj often attained. 

During the last few years, A^ea has made an 
increasing number of automatic starting arrange¬ 
ments of the following ktnds: 

1. Printing press equipments of all systems 
which occur in, practice and ^or the most varied 
press sizes, from small presses up to the laigesi 
double rotary presses. 

2. Automatic operating arrangements lor sugar 

centrifuge! • , . , 

3. Equipments for, IrdU works ««ch as auto¬ 
matic slip resistances for three-phase rolling naul 
motors, starling aiid regulating equipments for 
auxiliary machines for rolling mills such as live 
rolls, lifting tables, traversing tables tic. Equip¬ 
ments foe both A.C. and D.C. have been made 
for the most forced drives which can occur hew. 

4. Automatic pump and compre«or «^'P' 
ments. These have been made both for D.t.. 
and A.C. and for motor sizes from the smallest 

up to 300 to 600 .h.p. , 

5. Equipments for transport arrangements such 

as cranes, haulages, winders etc. 

In the .following..some of these equipinente 
will be further described In connectiftn with 


experience gained in planning and running. As 
an introduction to the descriptions, we shall 
Include a. few words on the most important 
apparatps for automatic drive, namely contactors. 

CONTACTORS. 

Summaiy. The iii^porfance of contactors in mo¬ 
dem Mtomatic motor . control gear is emphasised. 
^•1 description of the genera/ princ^les and ex¬ 
perience obtained is given. Based on this Area’s 
nev^ series of contactors (solenoid switches) 
fot industrial service has been produced, and by 
photographs and drawings a review of the types 
developed is given. 

In the newer designs of starling and regu¬ 
lating arrangements contactors have come into 
increasing use as important auxiliaries. Under 
the name contactor (solenoid switch) is under¬ 
stood an electrically operated circuit breaker of 
heavy and simple consiruction furnished with 
contacts for ait break. They are, as far as pos¬ 
sible, conslmcled for repeated breaking as, e.g. 
fot intermittent running- The switches consist 
chiefly of a contact arrangement and the magnet 
for Its electric operation. As regards construc¬ 
tion, the type can be executed in different vny& 
Like machine types, however, where a standard 
type of unit has been In course of time con¬ 
formed to by all manufacturers, there has been 
a tendency here for a general type to emerge. 
Accordingly, the main constructional element: 
and the physical means employed for obtaininj 
rapid break, high breaking capacity, good con 
tict and rapid operation are practically the sam« 
for all the more important makes. 

This particularly applies to D.C. cceitaclow 
As regards A.C. contactors, however, there h 
a general division In two parHcnlat directions 
There is a design in which-the contactors afle 
operating magnet ate on the same shaft and an 
other in which 
these two ele¬ 
ments are con¬ 
nected through 
links and rods. 

The former is 
themoresimple 
and depend¬ 
able and, from 
the manufac- ^ 
luring point of * | 
view,ischeaper 
*to produce. 

The latter, how¬ 
ever, has cer¬ 
tain advantages 

with respect to p, bctakina <oo «»p». 

space require- «)*ToitoftC.i»«i«Ki»wi*»4. 
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ments as it can be made more compact and such an arrangement has, in comparison with 
self-contained. « older < esigns, mach greater power to b^eak apart 

In the following is given a short description a welding up of the two surfaces by an ov^erload 
of these new brealc ers. On account of the great and reliability is thus considerably^augmented. 
use which has been made of them during the A good contact pressure is of groat import- 
last few years and their increasing popularity ance. This is in« fact much more important than 



a general treatment should be of interest. This 
is all the more the case since it is of importance 
that the construction of the apparatus and its 
treatment from the start should be governed 
by the most complete knowledge. 

Coatacis. 

As destinct from earlier constructions in this 
direction in which careful fitting of contacts 
-to close limits was of the greatest Importance, 
these switches make use of the so called rolling 
contacts, the principle of which is shown*ln 
simple form In fig. 1. When the contacts first 
touch, Jt is at a point considerably nearer the 
edge than when closing is complete. During 
the movement between these two points the 
cantacts slide or coll against each other and in 
this way tlfe surfaces are kept clean and even. 
In addition the beads of metal and pits wUch 
ace so easily formed by arcing are confined to 
a part of the contact where they do not exercise 
deleterious effect on the current flow. Lastly, 


the utilisation of the contact .surfaces (careful 
grinding in and clean surface). 

In order to increase the breaking capacity 
magnetic blow-out of the arc formed at the 
contacts has been adopted. The current which 
is to be broken is led through a blow out coil 
and caused to generate' its own magnetic field. 
This is so directed that the arc, in an attempt 
to enclose the greatest possible number of lines 
of force stretches* out until it Is too long and 
breaks. Break in these contactors is particularly 
rapid. With larger currei^ts it Is, however, ac- 
con^nied by n sharp report and powerful arc. 
In figs. 2 a and b are seen breaks carried out 
with normal current.* Here the arc is very weak. 
Figs. 3 a and b show breakers operating at 
their maximum l^reaking capacity and a sharp 
arc then occurs. 

Operating, magnet. 

As another important constructional detail 
may be mentioned the magnet and its operating 
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Ty|W AEV 3/W. 


Type AlCV VlOO. 

Fig. 7. A.CCCottUdon. 


Type AEV J/200. 


coll. In general ll is now usual to employ ope* 
rating current of the same kind and voltage as 
the main current. This applies only up to 500 
volts Olid 600 volts D.C. The magnets 

are of a strong and simple construction which 



rifl. 8. A,C. ConlM«m*t)n>* AEV i/JSO with lim* Ug. 


without difficulty cai\ withstand the highly 
forced working. The colls are wound for con¬ 
tinuous service.^ In the case of D.C. magnets a 
series resistance* must be used with voltages of 
110 and above. This is done in order to avoid 
coils which would be too large and expensive. 
A.C. mafjhets can on the other hand be de¬ 
signed for all frequfi^ciesuind voltages occurring 
in practice without series resistance. 

Some figures regarding closing and breaking 
speeds can be given. By means of an oscillo¬ 
gram the closing time for a D.C. contactor f^s 
been determined as O.07s secs, and for an A.C. 
contactor 0.ois secs, while the opening times 
are O.ow and 0.o& secs, respectively. 

In order to give an illustration of the closing 
and breaking characteristic curves are given for 
the n^w types showing the whole action. Fig. 4 
shows these cujwes for a D.C. contactor and 
fig. 5 for an A.C. contactor. 

It is clearly shown by fig. 5 that the initial 
current for an A.C. snagnet is considerably 


greater than the current when in the closed 
position (the maintained current). This is quite 
natural for all A.C, electro magnets. As, however, 
the time of closing is so short (1—2 periods) 
the high starting current has no influence on 
the supply system or fuses. If operating leads 
are used having a cross sectional area of e.g. 
2.5 sq. mm normal fuses for such a conductor 
can be employed without risk of the closing 
current causing them to blow. 

The closing of our A,C. contactors is accom¬ 
panied by a loud bang due to the rapid action. 
This is a normal occurrence with all contactors 
of similar construction and need not give rise 
to any uneasiness or to attempts at adjustment. 
The construction is of such a robust character 
that such stresses can be easily withstood. 

The A.C. electro magnets are carefully faced 
and fitted so that they do not hum or chatter 
wjKn they are closed although a faint singing 
noise exists, as in the case of all A.C. appa¬ 
ratus, arising from vibrations in tbe iron cir¬ 
cuit which is repeatedly demagnetise*^. This 
noise is unimportant in most installations. In 
cases only where such apparatus Is* used In 
private houses or must be erected immediately 
a^acent to living rooms is it disturbing and 
some means of damping must then be under- 



Fig, 9. A,C CoulMlor lypt ACV 
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taken — as for 
instance immet' 
Sion in oil. This 
also has the effect 
of greatly reduc> 
ing the bang on 
making and break¬ 
ing circuit. 

Forced working 
conditions 
The general hn- 
pression given 
by these contac¬ 
tors is one of a 
particularly heavy and strong construction. The 
^lesign has been developed taking account of 
the heavy wear and great strains to which 
apparatus is subjected during forced working. 
Under normal industrial conditions or when 



Fig. 10. CooUclor Ijrpe KAISV J/60 , mi« 
<li»tcd ia iuU and dci|^|ivoof cast lion cait. 


used in agricultural developments etc. wear is 
relatively small. It may accordingly be thought 
that the design is too large and heavy. In 
.addition to the fact that this limits the use of 
such gear it may be remarked that due to the 
.large amount of material used it Is more expensive 
than necessary. This is, however, not the case 


to any great extent, as a type which embraces 
both Helds of use can be manufactured on a larger 
;scale and due to standardis.ttion the price can 
be reduced. A single general type is accord¬ 
ingly justi6cd. 

Although contactors for normal industrial 
•service may be regarded as more than amply 
strong it must be remembered that when they 
are used for forced work e.g. in rolling mills 
the greatest demands are made upon design and 
material..A few figures will emphasise this. 
Normal workshop use may call for e.g. only 
•ten starts per day of which five as a maximum 
follow immediately after one another. Intermit¬ 



tent work in the case of cranes, transporters, 

, winding gears *tc. may give rise to 20—30 
wodcing cycles per hour while in forced working 
there may be 300 and up to 400^starts made 
per hour. Here also inching and decking calling 
for momentary«closing may occur and conse¬ 
quently 500 operations per hour may not be 
too high a value. On a working day this means 
about 12,000 operations. That such, work causes 
great wear and strains on the difiFercnt parts is 
clear. Parts most likely* to be worn out are 
the flexible conductors between the fixed and' 



Fig, 12. OU conlaclor for forcsd strive, for renmlng a 
tbrec’pliase molor^ 

moving elements, and the* contacts. The con¬ 
ductors are subjected to continual vibration and 
bending and accordingly even if only subjected 
to low stresses ca.sily break due to fatigue. Tests 
we have made show that the conductors with¬ 
stand 50,000 bendings as a minimum, the maxi¬ 
mum being.some millions. The contactors are 
subjected to rolling and sliding against each 
other and to arcs. They should however, be 
able to withstand several million operations. 

These two constructional details an^ also the 
arcing shields which are gradually eaten away 
by repeated arcs may accordingly be regarded 
as parts subject to consumption. A set o Apares 
consisting of connectidjg conductors,, contacts. 
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. and arc shields ate accord¬ 
ingly necessary on every 
pUint which runs under for¬ 
ced conditions. 

Nom»i current opacity. 
As stated earlier these 
contactors ard well adapted 
to intermittent work. The 
ability’*of a contactor to 
break a certain current is 
naturally dependent on the 
number of breaks to be made 
;■ i^t hour. The time during 
which the contactor has ac¬ 
tually to carry the current 
is, however, also of some 
importance. For a relatively 
small number of breaks and 
a short time of use, a smaller 
contactor can be chosen 
^ without ri.sk than for a case 

where working is forced or 

I2f-of ‘oM. In 

11ie conlacts be removal OOth CaSC5 naturally thc 

working current is 
assumed. The nominal current carrying capacity 
for these contactors is accordingly reckoned as 
the current with which they can operate, on work 
corresponding to normal controller work i.e. 30 


I 


mum breaking capacity it 
may be stated that a D.C. 
contactor can without dif¬ 
ficulty deal with 2.s x 
normal current. For A.C. 
contactors this value is 4 
to 5 X normal. The diffe¬ 
rence for the two systems 
is due to their nature. 

An A.C. always passes 
through the zero if the 
breaking time is suffici¬ 
ently long so that re-estab¬ 
lishment of the arc cannot 
occur and it practically 
speaking quenches itself. 

D.C. must, however, be 
broken at full value and 
the arc is drawn out and 
may flash over to neigh¬ 
bouring metal parts. ' 

Contactors types AEV 
and AEL 

As a standard type of 

contactor for industrial 2&.12;.r.“TT.’'wta rf 
service Asca employs the th« comliulitr U imscitwecl. 
pattern with the contacts 
placed directly over the electro magnet (D.C 
type) or on the same shaft as the electro magnet 



Kig. I4« KcmmivaI rtf flexible 
coiidticior. Tbft tower tahd of 
the combutor is iinsciewecl. 


or at the most 40 operations per hour and with (A.C. type). The contactors are constructed for 
a working time 1 and time between opera- various nominal current capacities and a series 
tions - 3. If these values are exceeded in any embracing 60, 100, 200, 350 and 600 amps, is 
respect, the work must ir«r W*r 


be regarded as special 
and valOcs determined by 
experience must be used.* 
For example a contactor of 
this type designed normally 
for 600 amps. &in without 
difficulty operate on a 
cycle requiring 200—300 
working plsriods per hour, 
with approximately 400 
amps, average currenf and 
500 volts. 

The maximum breaking 
capacity of the contactor 
is also of the greatest con¬ 
sequence, By maximum 
breaking capacity is of 
course understood the cur¬ 
rent which the contactor 
can break once e.g, on over¬ 
load or short circuit when 
the switch is used as an 
overload circuit breaker. 
As general values for m^d* 




Flir, 15. 

Ml and th. boltwIllMirawn. arMrwhickllw.coiilMliH’liotdtt 
and flttibl* ondnclor un bt nwMtd.'. 


standardised. For larger 
currents designs arc now 
being developed. IHie max¬ 
imum voltage is aOO for 
A.C. and 600 volts for D.C. 
A.C. contactors can be usqd 
for normal current for all 
frequencies in ordinary use. 
D.C. contactors are denoted 
by AEL with a fraction, 
the denominator of which 
gives the normal current. 
Thus AEL 1/350 is a D.C. 
contactor for 350 amps. 
A.C. contactors arc denoted 
by AEV with a fraction, 
the numerator of which 
'.gives the number of poles 
and the denominator the 
normal current. Thus AEV 
3/600 is a 3-pole A.C. con- 
. tactor for 600 amps. 

. In figs. 6, 7, 8 and 9 
are shown a number 6f 
new contactors and these 
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make clear the most important features of the 
construction. 

The single*pole D.C. contactors type AEL 
1/60 %nd 1/100 for 60 aiul 100 amps normal 
current and the single, double, and triple-pole 
A.C. contactors types AEV1/60, 2/60 and 3/60 
for 60 and 100 amps normal current can mso 
be supplied enclosed in dust and drip-proof 
cast iron cases. These cases are identical with 
those used for fuses of sizes II and III in 
distribution boards of type GSH or for fuses 
type KSH sizes II and III. For supervision 
access to the contactor can be obtained through 
a door locked by special screws. 

During the last few years contactors have 
been constructed for pressures up to 6.« kV in 
oil. They can be arranged in a simple manner 
for electric operation and are always ready for 
Immediate operation as opposed to motor ope¬ 
rated oil switches with which there is always 
a certain loss of time before the closing me¬ 
chanism has accumulated the necessary energy 
for operation. In addition oil contactors can be 
built for forced working conditions, their con¬ 
tacts being relatively insensitive to wear and 
the presence of impurities. This is naturally 
brought about at the expense of the breaking 
capacity which is considerably lower than for 
a corresponding oil switch. For a motor equip¬ 
ment, however, a breaking capacity exceeding 
from 4 to 6 times the normal is of no parti¬ 
cular advantage. Regular inspection of the oil 
and contacts is, of course, necessary. 

Fig. 8 shows a contactor for ait break of the 
ktest construction with damping arrangement 
to give ^oolh closing and to prevent damaged 
contacts. An oil contactor of standard design 
for a nopnal current of 200 amps at a maximum 
pressure of 6,000 volts is shown in fig. 11. Fig. 
12 shows a* type for forced working conditions 
for 400 operations per hour. 

Finally, some photographs are included, fi¬ 
gures 13, 14 and 15, to illustrate how the con¬ 
struction allows convenient inspection of contacts 
and releasing and replacing of the flexible con¬ 
ductor. 

automating starting of motors. 

One of the greatest advantages of the electric 
motor in comparison with other machines for 
power production -is that it is self-regulating.as 
regards the power absorbed. When running it 
adapts itself automatically to the requirements 
of the machine it is driving and without any 
special regulator it absorbs more energy from 
the supply when the driven machine requires 
it, reducing the demand when the requirements 


fall. Setting to work must, boyrever, always be 
made by the help of special arrangements known 
as staAing apparatus*in order that tEe ntsh of 
current taken may not cause undue disturbance 
to the supply system or be damaging to the 
motor itselt Tl^ function of th^ starting appa¬ 
ratus is accordingly to reduce the current when 
first connecting to the line so that this is main¬ 
tained within certain limits, at the same time 
as by simple meafis it allows the motor to 
develop the best possibk torque so as to get 
through the starting period as quickly as possible.' 
Starting always entails loss of power ^nd this 
is another reason for nSaking this period as 
short as possible. This particularly applies to 
motors which are used for intermittent work 
and where starting is frequently repeated. Fi¬ 
nally, starting apparatus is in general also em¬ 
ployed in stopping the motor and should be 
so arranged that the equipment is returned to 
a position suitable for a fresh start as soon 
as possible. « 

The most common method of reducing the 
current during starting is to employ a resistance 
which is connected in circuit when the motor 
is joined to the supply. As starting proceeds 
the resistance is successivly short circuited so 
that the motor comes up to full speed. This 
method is used almost exclusively^ in the case 
of D.C motors which are not started by direct 
switching on to the line or by special regulating 
machines. For A.Q. motors other methods come 
into question as- for instance auto-starters, hys¬ 
teresis and eddycurrent starters but these have 
the effect of ei^er reduciifg the starting torque 
or adversely effecting the power fadlor and 
efficiency and on this account it is not always 
possible to employ them. 

The constructi<mal details and arrangement 
of automatic starling devices are particularly 
varied and it is quite natural that this particular 
field offers considerable scope for new ideas and 
inventions. Nearly all the methods Vhich can 
possibly be imagined ahav^, been tried out in 
order to make a motor 'self-starting. In the 
case of automatic starters, however, as in the 
case of many other pieces of apparatus the best 
results are obtained by modification and de- 
vefopment of designs which have previously 
given good service. It is clear, therefore, that 
many of the details used have been borrowed 
from manually operated starters. In certain cases, 
however, new designs must be developed as, 
for instance, the contactors previously described 
and a number of different relays Including current 
limiting relays, shunt relays etc. which have 
taken the place of muscular energy and human 
initiative during starting.^Resistance designs can. 
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o( course, be taken without alteration from other 
apparatus and it is only the division into dif¬ 
ferent^ steps which requires to be altered. 

When starters are operated manually It is 
customary to provide a number of starting steps. 



«) Motor K 4, 8 h.p.. 4M>vol(<, t.J00r.p.n.. ddvIiiK SdtlolMr vantilMor. 



b) Motor K 4 with Prony hnikOo Brake tafnie 10 h,p^ ol 2400 rofi.m. 

i9irm/k 



« r t « ♦ • t * #. e m H m a 


c> Motor K4dif«cl roupled to flywheel |cgni*> 2,800 r.|i.no 

Vatu Mtw =5 rolls, oino& VoW otvoetor ss: refit amiafore* Amp* mat~ 
fiot k Cm 5=3 fMd k armalur ^ Mups* 

tSSiCo sect* 

Fig, 14, OKillogf«tins showing Maomolk starlbig of electric motors. 

This is done partly so that the current 8ur|bs 
need not be too great and partly because a 
large nymber of steps make necessary a more 
extended movement of the starting handle and 
make It easier to give an evenly extended time 
during starting. In the case of manual operation 
it has even* become usual to arrange so called 
step by step cmeration which ensures that starting 
may not be effected too quickly with consequent 
risk of damaging the motor and resistance. 

The conditions are quite different when auto¬ 
matic starting is used. Here the arrangement 
employed is the determining factor for the most 
suitable Intervals of time between the cutting 
out of the resistance steps. A greater factor of 
safety against damage to the motor and apparatus 
is obtained and at the same time the necessary 
number of resistance steps can* be reduced to 
a minimum and accordingly the lowest manu¬ 
facturing costs obtained. In addition it has* 
been found that the values of the current surges, 
estimated when calculating the starting^sistance 
are In practice considerably lower in the case 
of automatic starters. 

Among the manifold methods which can be 


used for operating automatic starting gear, the 
^ three following* have been proved ^to be the 
most rlliable and economical. 

1. The EMF for the motor wb^h increases 
proportionally with the speed is caused to pro¬ 
vide the impulse for the starter.. 

2. The starting current which for a given 
resistance in*the motor circuit decreases with 
Increasing speed is ^ade to operate a sensitive 
relay thereby determining the speed of starting. 

3. The motor is arranged to start in a pre¬ 
determined time. 

The use of any of the^above three mtethods 
depends on the machine which the motor is to 
drive. In order to obtain a good automatic 
starting action the starter must, as'far as pos¬ 
sible, be suited to the torque curve of the mo¬ 
tor and to the starting characteristic^ of the 
driven machine. In this way only can a depend¬ 
able and economical arrangement be cn^^ured. 
On this account a combination of two or more 
of the above methods is often employed. 

A number of experimental Investigations have 
been carried out by Asea in order to determine 
the most suitable number of steps on starters 
for different sizes of motor and the manner in 
which the resistance should be divided up. Some 
curves are given in Eg. 16 to show , the degree 
to which an automatic starter caiv adapt itself 
to different starting characteristics. These curves 
also show the extent to which the current surges 
calculated from the resistance* and preSsure, 
exceed the values obtained in actual practice. 
These v«ilues are shown dotted lines in the 
Bgure. For the experiments in question, the 
motor used was a K4, 8 h.p., 2,306 r.p.m., 
440 volts. Three dlfibreat cases have been con¬ 
sidered. 

Case 1. The motor was direct connected to 
a Schlotter ventilator of type SV (fig. 16 a). 



Rr. 17. OUsniB diowin, anIoMalk •twin' world*, m the EMF 
prtodpto* 


Case 2. The motor was started with constant 
torque-but not against any extra flywlieel effect 
(Prony brake) (% 16 b). 

'Case 3. The mptor was made to start against 
a relatively high flywheel capacity (fig. 16 c). 
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Fla. 18 ju IWauraw of autoaulle iiarlw wor1iin|| on Int carrant 
limitinn |irliKi|Ha. 


of a litrie flickering of the light, which is of 
short duration, to start motors up to 10 h.p. 
in size with only one resistance step. ^ 

EMF Methods. In the case of starters up to 
10 h.p. it is practically universal to make use 
of the EMF of the motor forgiving the starting 
impulse. Starte.rs of ^his type are^ the simplest 
arrangements for automatic starting and the 
principle of the device is shown in fig. 17. In 
the figure an arrangement is shown for starting 
in two stages. By closing the operating contact 
the main switch (1) is closed. The motor then 
starts and when the armature voltage has In¬ 
creased to about 50 ^ of the normal, a current 
sufficiently large traverses the coll of the con¬ 
tactor (2) whiA is connected across the brushes 
to close this contactor. This short clKuits part 
of the starting resistance and the motor is 
further accelerated by the increased armature 
current. When the voltage has increased to 
about 80 51 ^ the last contactor closes, this being 
connected exactly like the former but so *«* 
justed as not to close until this voltage is reached. 
The starting resistance is now completely dis¬ 
connected and the motor runs normally. This 
method has much to recommend it on account 
of simplicity, starting being effected without any 
special operating relays or Interlocking contacts. 
A disadvantage is the difficulty which exist* 
getting the contactors to close at a definite 
wltage, since the coils of the electro magnets 
arc exceedingly sensitive to temperature and 
voltage variation. A maximum of three steps 




'—I—t—i^s— t —r*—«—^ 

Amn. =» Ampt. 

H*. 18b. OMUIoRrwi 

ttunt tegdUtor, up to 1800 r.p.m. 

In the above cases experiments were made 
with different ohmic values of the starting w- 
sistances. The magnitude is chiefly limited by 
the allowable starting current rush and the com¬ 
mutation of the motor. The time interval tor 
short circuiting the resistance depends on the 
load on the motor and also on the commuta¬ 
tion characteristics. A not unimportant factor in 
the choice of the number of steps is also the 
character of the supply. Very often the occur- 

rence of heavy current rushes gives nse to , ■ ._.b. ^ 

flickering of lamps, e.g. when a pump motor* 

equipped with an automatic starter is started ’,L.Vf«r*5«n» mav be recorded as a limiting 
up Sd'the number of steps is small. No other In the steps be 

disadvantage should, however, occur if ffie steps account of the size of the motor 

*„S 4 !h/5S5val,. 0, Ih. 



IHg. 19 . SdttiuHc dl*iirn» ot nknoM mdunitm. 

in the*mtarting may be recorded as a limiting 
number. Should a larger number of steps be 
desirable on aaount of the size of the motor 
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Fig. 20. Rqiulator panel with folcnoid aiicbaniiiii. 


it is more suitable to employ one ol the fol¬ 
lowing methods. 

. Curnnt Limiting Methods, A very reliable 
and simple method is to use a scries relay for 
giving the requisite- impulses. The coil of the 
relay is traversed by the armature current of 
the motor which holds back the core of the 
relay as long as the current exceeds a given 
value. When the starting current due* to tRe 
acceleration of the motor sinks below this li¬ 
miting yalue the core is released and a con¬ 
tactor closed. This arrangement can be used for 
the successive short circuiting of resistance steps. 
The current limiting relay can be made to work 
in a very c^tact manner. Tests have shown that 
with the strength of current only 1 above 
the limiting value, the core is retained quite 
positively even if the relay is subjected to 
heavy vibration. Such a relay has the advantage 
that it can also be used for A.C. and the core 
can be released with the same precision as in 
the case of D.C. 

The current limiting relay can be interlocked 
and operated mechanically or electrically with 
the contactors so. that, only one contactor in 
its proper order is closed. In fig. 18 i.s shown 
a system commonly employed tor such a start¬ 
ing arrangement Each contactor is provided' 
with a current limiting relay. This is placed 
underneath the contactor and mechani^ly con¬ 
nected with it. Starting is commenced by pressing 
a push button, by a float switch or some other 
operating switch which closes the circuit of the. 


• 

operating coil for the main contactor (1). Thisr 
^sbuts and closes the motor circuit. The main 
, ; contaetdr has a voltage relay mechan1«)lly in¬ 
terlocked with it and this is release^ when the 
main contactor closes. The coil and voltage relay 
is in parallel wi^ the starter re$i/$tance and its 
core is held back as long as the resistance ab¬ 
sorbs the chieT part of the line voltage. As the 
motor picks up speed, the voltagfs across the 
coil of the relay ac<%rdlngly sinks and when a 
suitable limit is reached, ebe core of the relay 
• is released and completes the operating circuit 
for the next contactor (2). This closes apd short 
; circuits another step of the resistance. Under 
^ this'contactor is placed a current limiting relay 
which is released when the contactor closes. 
This works on the current limiting principle, 
and falls out when the minimum current has 
been reached closing the operating circuit';for 
the next contactor etc. until the starting re¬ 
sistance has been completely short circuited. 

With this type' of starter an additional series 
relay can be used with advantage which comes 
into operation when the last resistance step has 
been cut out. It is used for periodically con¬ 
necting and disconnecting the Held resistance 
of a shunt motor so that it is automatically 
accelerated up to a predetermined speed. The 
relay works on a principle similar |;o that of a 
Tirril regulator but considerably slower. In Hg. 
18 b is shown the starting curve for an automatic 
starter operating with a series Start in 4 Steps 
and providing afterwards for speed acceleration 
by introducing shunt resisjaj^cc with series relays. 

Automatic staffing in constant time. A .p<ir- 
ticularly good self-acting starting appan^tus can 
be made on the consMinMtarting time principle. 



• - 

Fig. 21. Scheiudlie drawing of balance weight medunisni. 


• ♦ 

The time for starting is so chosen that the 
motor under normal conditions is so accelerated 
that the current sinks to a suitably low value 
on each step before the next step is made... The 
method is particularly applicable to* motors 
which always start under the same conditions 
and where it is not necessary to effect a start 
in the shortest possible time. An ordinary starter 





ASEATQURNAL 


of the hand operated pattern can be used, the 
manual power being displacedJiy a small motor, 
or a solenoid device. Such starters shduld be 
designed wjth a mechanism providing for in¬ 
stantaneous operation between the various steps 
if they ate rfif the face plat^ pattern. If the 
starter is furnished with knife switches for 
cutting out the starting steps soi^e arrangement 
must be miiidc to provide sufficient energy at 
the moment of closing. Two types of operating 
gear have been developed by Asea, namely a 
'solenoid mechanism for face plate starters and 
a balance weight mechanism for knife switch 
starters. ' ,. . * 

Fig. 19 is a diagramatic representation of a 
solenoid mechanism, a photograph of the same 
arrangement being Shown ii> fig. 20. The arm (I) 
of the ^ace plate starter is moved by an operat* 
ing'lever (2) by means of a sprocket wheel 
and pawl. The- operating lever is moved by a 
solenoid (3). When- the solenoid is excited the 
core is aifyacted and the lever turned. On 
breaking the operating current core and lever 
are returned to the zero position by a spring. 
A reciprocating motion is then set up through 
. a limiting contact (4) which breaks current to 
an intermediate relay (5) when the core is in 
its position of furthest displacement and closes 
the circuit ^again when the core is returned to 
its original position. By means of limiting con¬ 
tacts on the starter face plate the periodic motion 


is arrested in both the "full on" and "stop" 
positions. 

Fig. 21 is the schematic diagram of a balance, 
weight mechanism. Operating power is provided 
by a small motor (1). By means of a worm 
gear (2) and a reduction gear (3) the speed of 
the motor is reduci^d to about 5 r.p.m. By 
means of a claw coupling (4) a weight (5) Is 
lifted up. When this weight passes through its 
highest position it overbalances and falls freely 
to its lowest position, moving with it the chain 
wheel (6), by which the operating handle of 
a standard pattern of starter is turned. By this, 
means instantaneous closing of the operating 
knife switches is obtained. Fig. 22 shows such 
a balance weight mechanism, combined with a 
standard starter. Both these types can be used 
for operating either D.C. or A.C. starters. It 
often happens that the starting time must be 
considerably drawn out. Patllc^arly in the case 
of equiptttcnfs which have consldcnible flywheel' 
effect e.g. rolling mills or the motor generators 
of llgner sets and the starting mecbahisin can 
then be combined with a current limiting relay. 
As long as the starting current does not exceed 
the allowable value, the starting mechanism con¬ 
tinues to act but If the predetermined value is 
overstepped, the relay comes into operation and 
arrests the starting until the current has sunk 
sufficiently, after which the starting oueratlon 
is allowed lo continue. 
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AUTOMATIC DRIVE OP CENTRIFUGES. 


Sumuuay, The general conditions which come 
into question with centrifuges are treated with 
reference to the production of a satisfactory autO‘ 
matic equipment. In order to discover the most 
suitable power supply, a number of experiments 
have been carried out and the results obtained 
are used for a critical comparison between A.C, 
and D.C, The results show that D.C. has qf'er- 
whelming advant^es over A.C. Lastly, a descrip¬ 
tion is given of an automatic system developed 
by Asea for drivingisttgar centrifuges. 

A, For delving high speed centrifuges a choice 
can be made from any di the following methods. 

1. D.C. shunt motors. 

2. Induction motors. 

3. Water turbines (Felton wheels). 

The common practice in Sweden (or some time 
was to employ water turbines but these are now 
becoming obsolete. The question of the most 
suitable system of electric drive is accordingly 
important when old plants are being brought 
up to date, but even when new plants are being 
installed careful consideration must be given to 
the same point, irrespec¬ 
tive of the fact that one 
system may already be in 
use in the same factory.. 

The relative advantages 
of D.C. shunt motors 
and three-phase motors 
must be considered from 
the point of view of 
overall efficiency and 
consequent economy in 
power consumption. Na¬ 
turally, all charges must 
be 4aken into account, 
including capital costs, 
running and maintenance 
costs together with the 
saving to be effected in 
attendance by employing 
automatic drive. 

In the following, at¬ 
tention is chiefly centred 
on group driven Instal¬ 
lations which are used 
in sugar factories for the 
refining of raw sugar. 

There is, however, no 
reason why such equip¬ 
ments should not be 
used either singly or in 
groups in other industries 


such a#, for example,* chemical processcs.-^wper 
works, certain textile operations etc^ 

In the sugar industry centrifuges hung ver 
tically are chiefly employed. This* is on account 
of the simple and easy manner in which the 
syrup can be* introduced and removed, (.-cit 
trifuges of this type^have very sm^ll frictional 
losses. They are connected directly to the motor 
shafts and the general appearance of a group 
of. centrifuges constructed in this manner can 
be gathered from fig. 2^. The ^basket of the 
centrifuge is supported from a single bearing 
and is uee to take up any position like a contcal 
pendulum. By careful balancing the* movement 
can be adjusted and can be made completely 
stable up to the highest speeds. The niotor 
mounted above the centrifuge.. It is furnishcil 
with two bearings and connected to the centrjfugc 
shaft through an expanding coupling. In the 
axial direction both parts are able to move 
slightly with respect to one another. This 
particularly important, as otherwise any oscilla 
tion arising in the centrifuge might easily damage 
the whole machine. 

The action of the centrifuge depends entirely 
on centrifugal force 
which is prqportional t«.« 
the square of the speed 
The power supply to a 
ccntrifugfis'dissipated in 

1. Friction losses in 
the.bearings, windage 
ana vibration. 

2. Acceleration. 

, 3. Work done by the 

centrifuge. 

1. Beaming hriclion i^ 
exceedingly small as all 
modem vertical centri 
fuges are furnished with 
ballbearings. Airfriction 
‘is, Jbowever, of greater 
importance. This can be 
regarded as practically 
proportional to the square 
of the speed. Finally, 
losses due to vlbra 
tion and shaking which 
are caused by bad ba 
lancing often reach a 
considerable value. In 
certain cases they can hr 
very large. The friction 
losses in a standard 4H 
inch centrifuge when 
well balanced are not. 



Fig. 23 . Cootfif nge mofm 







Fjg. 7^* Smr« €Ciilririm« for D*C. 


however, greater than 4 to 4.5*h.p« at 900 r.p.m. 
(Compare dtbe values in fig. 29 a). A number 
of tests have shown that they may on occasion 


evident by causing an unusual amount of 
shaking. This critical speed is not evident 
in the case of the loaded centrifuge which 
was stable in running up to the Highest 
speed, although even in this case there 
was a considerabe amount of shaking. 

2. The eneigy required for accelerating 
the centrifuge from rest up to the maxi¬ 
mum speed is considerable and in the 

of centrifuges with normal losses, 
«. iM(«s In MMiitdk* and with working periods under tO mi¬ 
ni. S^JlTLitii. W nutes, represents the greater part of the 
Dower. 

IV. OlMUMlaritliC MIW®, ^ t 

3. The remaining part or the energy 
is used up in so called centrifugal work. 
Some energy is absorbed in me syrup 
itself and some of tire contents is thrown 

_ out, representing a loss of rotational 
energy, eie. 

In the case of a working period made 


UNtl OMiftluat. 


up of 3 minutes starling, 3 minutes running and 
1 minute braking, - 7 minutes, the following 

of tests have snown mat iney may o« energy consumptions have been measured. 

be considerably higher than this and values of paction losses .. 0.3co kWh 

8 to 10 h.p. have been measured. In making Rotational energy. » 

these experiments the power supplied to the Remaining losses.^ 

motor has been measured, and the motor losses ^ ^ 

__. t « tl.. _ 
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subtracted. This method is technically quite 
correct ani;;l the increased current taken, often 
observed In the case of new centrifuges, must 
always be .ascr ibed to bad balancing or faulty 
cre^ion of tne mechanical parts. To demonstrate 
the correctness of this, the losses in a centrifuge 
plant requiring at 800 r.p.m, 10.2 h.p. full and 
9 h.p. empty have ocen determined by a purely 
mechanical method. The curves obtained arc 
shown in fig. 24 on whfth curves showing the 
calculated motor losses and h.p. arc also indi¬ 
cated. As will be seen, thcflosses are consider¬ 
able and ccrtajnly reach 8,9 h.p. and 7.t h.p. 
respectively at 800 r.p.m. The dlflPcrcncc with 
empty and full centrifuge is not great, ^^th 
empty centrifuge the losses are greater at 500/ 
600 r.p.m. and this « ascribed to vibration 
losses which at this point made themselves 


hi! 


Total energy supplied 0.7» kWh 
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Fl|^ 2(. Fricliw ItoM. to D.C. 

It Is* seen accordingly that the rotatioiMl 
energy which remains in a centrifuge wh«n^ 
braking period commences is approximately 40 ^ 
of the whole of the energy supplied. Since the 
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Mcs. kWh 



rotational energy or flywheel effect can easily 
be reconverted into electrical energy the idea 
of employing it in this way immediately arises. 
When a mewanical brake is used it is entirely 
lost, and at the same time the shoes and other 
wearing parts of the brake are rapidly destroyed. 
Suitable regenerative braking can be arranged 
by simple means with D.C. shunt motors wh||e 
with induction motors a similar arrangeraem 
can not be so easily applied. 

B. Tim electrical systems between which a 
choice must be made ate: 


•.IWMC* 



O.O. SYeTKM. 

1. Motor fonorttor g. stofior. 1. Coot^togo oiolofo. 


be a) started by direct switching on to the 
.line or b) started with the use of a secondary 
resistance which is «ut out by hancf o.r. auto¬ 
matically. With the former arrangepient a very 
high current and a heavy demand on the supply 
Ls made during starting (see fig. US) while tlie 
latter gives a starting curve similar to that with 
a D.C. moto/ and starter (compare fig. 29 a). 

In order to obtain the neccssarydn formation 
for a comparison between the two systems a 
number of experiments «have been made on 
centrifuges to measure the losses. Readings have 
been taken for a 48” vertj^cal centtifuge>running 
normally at 900 r.p.m. and with a load of 400 kgs. 
of sugar. The centrifuge was driven by an Asea 
D.C. motor of type KSll. Fig. 26^ shows the 
curves obtained. Assuming that the .same cen¬ 
trifuge had been driven by an induction motor 
the curves in fig. 27 have been calculated Sna¬ 
king use of suitable values taken fron). the 
curves in fig. 26. 

The difference in the conditions of starting 
with the two types of motor is clear from figs. 
26 and 27 as it will be seen that the speed with 
an A.C. motor increases in a practically linear 
form while with the D.C. motor the speed rises 
much more slowly. This is explained by the 
fact that the energy absorbed due to the flywheel 
effect of the centrifuge, increases af the square 
of the speed and since the induction motor 
starts with constant torque the eggrgy supplied 
by the motor to the centrifuge also increases 
as the square' of the speed. On the other hand 
the D.C. motor, as soon it reaches the shunt 
regulating range* supplies only a constan^. output 
to the cen|rifugc which corresponds to a decrease 
in acceleration with iticreasing speed. 


•-rHAn 



A.O. tYlTIM. 

1. SwltolwaM. g^Motor iwitohot. 9, Oonlrlfugo Motors. 
4. Rolor slartofs. 


Pig. 28« Diagram shov^ centrifuge ognlitnenlt. 


1) D.C. shunt motors with a large gange of 
shunt regulation (500 to 900 r.p.m.)* and re¬ 
generative braking from 900 to 350 r.p.m. 
Starting and stopping is made fully automatic. 

2) A.C. induction motors which may cither 


If, however, the losses during sta|ting arc 
compared, the D.C. equipment will be round 
much more favourable in performance than the 
A.G equipment. The D.C. motor during starting 
has losses which are no greater than when 
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equipments are now. supplied by Asea.fot auto* 
matic working'itv the following manner: 

1. Starting is automatic using series fesjstance 

up to 300 r.p.m. and shunt regulation up to 
normal speed. « 

2. Stopping also automatic, ^braking first 
being regenerative down to about 350 r.p.m. 
after which thb speed is brought down to about 
50 r.p.m. by the use of a series resistance. 

3. The arrangement is fool proof, i.e. *80 
designed that incorrect operation is practically 
excluded. If anything of the sort should occur, 
the equipment is arranged so that* the qlcctrical 
gear can suffer no damag^ 

4. No*volt release is provided and the equip* 
ment returns to the starting position as soon 
•as the pressure is restored. 

All operations are controlled from the working 
position where a push button box is placed at 
the side of each centrifuge. This box is furnished 
with one button for running. There is also an 
emergency stop button by which, the motor 
can be disconnected from the supply in case of 
necessity, e.g. if the centrifuge should begin 
to vibrate or run away, Lastly, there is an in* 
dicating lamp which lights up when the equip¬ 
ment Is ready for a new start, and an ammeter 
eig. xk '.Suittr ctntriiaiiet witb;c(|Hi|HMat (or Miimiuric tketric tiuw. vrith Centre *ero giving a deflection to the right 

when the machine runs as a motor and to the 
Starting centrifuge 0*-'900 r.p.m. ... 0 Mi kN(^h left during regenerative braking. 

Losses in rotor circuit . 0.47s „ Figs. 23, 30 and 31 show such an equipment 

Losses in motor (13 . 0 .mj „ supplied by Asea tP a fitm of <35*' manofac* 

Total energy supplied during 3 mi* turers (Svenska Sockerfabriks A**B*. Tanto, 

nutes running. . 0.w „ •> Stockholm). Fig. 23 shows hpw the motors are 

Total l.aj kWh mounted above t]ie centrifuges. Fig. 30 is a view 
^ of the workitig platform where the operator 

If the losses in the line (5 are included attends to the mling and 9 mptying. In this view 
the total energy consumed in one cen- 
trihtge during one working period is 
1.3* kWh. • 

An A.C. centrifuge equipment accord¬ 
ingly consumes 0.5 kWh* or 60 jif more 
than a D.C equipment. This may be a 
very expensive matter as will be clear from 
the following calculation. Assuming a 
plant including 15 centrifuges ope¬ 
rating with 7 working periods per hour, 

^an 8 hour day and 200 working days 
*per year, the increased consumption in 
the case of A.C. is 83,400 kWh. 

These figures show the advantage of 
using D.C. even if a special converter 
must be installed and the installation 
costs for a D.C. equipment much in¬ 
creased beyond those for an. A.C.** 
equipment. 

C. Based on experience gained with 

large number of plants, centrifuge PIJ. 51. OperaUmi'nrflchciiin for anlo«M(i»drlv* of wgat (Cttliiloit**- 













will be noticed at the aide of the centrifuge 
the push button box referred 4o above with an ^ 
ammej^r‘aljove it. Lastly-fig. 31 shows l!ie Ope¬ 
rating* gear mounted in steel swifchcases for 
the automauc drive, The switchcases are erected 
in a line - behind the centrifuge| but at a suitable 
distance therefrom so as to give comfortable 
room for inspection and roaintenhnee. 

As regards the method of running the ’’run” 
button is pressed when aVart Is to be made. 
The button can be released as soon as the in¬ 
dicating lamp is extinguished showing that 
automatic st»l has commenced. Any further 
<lcpressioii of this Dutton has no effect at all 
on the starting apparatus.The operator can de¬ 
vote his whole attention to work on the cen- 
tri^ge. When the centrifuge comes to the end 
of the tvorking period, stopping follows through 
the' action of a special time relay (automatic 
mecl^anism). This sets the starting apparatus in 
motion causing the centrifuge to be braked down 
to its lowest speed. When this has been reached 
the indicating lamp again lights up. The operator 
can now empty the centrifuge If necessary bring¬ 
ing it entirely to rest by the mechanical brake. 

In certain cases a mechanical emptying ar¬ 


rangement is used for the material. The motor 
must then run at a low speed and this is ob¬ 
tained by the starting apparatus remaining auto¬ 
matically at the lowest speed position. 

The ammeter provided enables the various 
phases of the working period to be observed 
in the current consumed at each instant to be 
checked. Fig. 29 a and b show the starting and 
breaking curves during a working period. 

Among the advantages of a fully automatic 
D.G; equipment may be mentioned the following: 

•1. Low current consumption. 

2. The time of the operator can be fully 
taken up in productive work. The only time 
which has to be given to the electrical part is 
when the starting button is depressed. One man 
can accordingly attend to the greatest possible 
number of centrifuges. 

3. By the introduction of an integrating me¬ 
ter, e.g, kWh meter or ampere hour meter, 
the Works Manager is able to obtain a com¬ 
plete check on the running without having re¬ 
ference to the foreman. Such metering shows 
not only the power consumed but is a measure of 
the diligence of the operators and is accordingly 
a valuaUe aid in the speeding up of the factory. 


STAL TURBO GENERATORS FOR COMBINED A.C. AND D.C. 

SUPPLY. 

Duitng the last twenty years turbo generators is used In rural districts and is also often fed 
have almost entirely displaced other steam plant, to large industrial consumers whetW situated 
at any rate for units of any magnitude and have close to the stalipn or rensote tKWn it. 

' ' As both supplies arc required 



"IP together, considerable advantages 

as regards simplicity and efficiency 
arc olftalned if they can be pro¬ 
duced by ar single prime mover. 
The simplest method which sug¬ 
gests itself is to use the same ar¬ 
rangement which h.is been emp¬ 
loyed for Diesel engines, i.e. to 
couple the turbine cliiiect to two 
machines, an alternator and a D.C. 
generator. This arrangement has 
also been employed, the only dis¬ 
advantage being that a D.C. ge¬ 
nerator is not so suitable as an 
alternator for running^at the high 
speeds which arc in question. This 
disadvantage can be overcome by 

pi«. I. 1.700. 2.SOO «iiai.soo kw st«i hwboaMXKrto** '•III'*Munkip*! Wtdridijr introduction of a futlhcr cic 
^oirkt. odetne. Dnunack. <Tiie O.C ii««ur4iiw for Ik* Imi lumrd Ml i> 1.500 kw.) mcnt of machinery whlch has been 

developed to a high slate of ef- 
attained to a quite unexpected development. The ficlency during the last few years, namely a 
great progress made has, however, been some- reduction gear. There is no need for us to do 
what one-sided as steam turbines have been more than mention the large use which has been 
used almost exclusively for driving alternators, made of reduction gears duri ng the last ten 
D.C. turbo generators have never succeeded in years except to point out that wlrhave tfladc 


making themselves very popular. 


it a satisfactory means of overcoming the diffi- 


In many power stations D.C. is require cullies previously in the way of a combination 
while in the case of a considerable number of drive such as w£ are now considering. The ar- 
industrial undertakings it is a necessity, and rangement we have developed is that of 9 steam 
requirements have been met by transforming turbine and an alternator ;vhich can be designed 
the generated alternating current by means of for high speeds direct coupled, and a D.C. 
mqtor-generators, cascade and rotary converters generator connected to the set through a suitable 
and also, during the last few years, by mercury reduction gear, 
vapour rectifiers. 

It cannot be denied that such ' 
an arrangement may be a satis- i 
factory solution of the problem 
but at the same time in ipany 
cases it is more simple and prac¬ 
tical to generate direct for both 
systems of supply. Such an ar- ( 

*rangement is by no means new 
and has often been employed 
when Diesel engines have supplied 
the power. Especially in muni¬ 
cipal power stations it is often 
seen. The D.C. generated is 
commonly used in the neighbour¬ 
hood of the station for lighting 
and also in some cases for trac- 
lion purposes. The A.C. supply OcouMu (n.C goierolorTSOAW.) 
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For som« years Stal has been manufacturing 
turbo generators according, to 4hi$ arrangement, 
and vte.^aje able to give* some illustrations of 
plants of this nature, D.uring the short time these 
sets have< bec.n in use they have become very 
popular and 4 reports regarding their running 
stow that as .' regards reliability and efficiency 
great improvement has been ob* 
tained by their use. ^ 

We may give the following ex¬ 
tract from a repoTt«by the Mu¬ 
nicipal Electricity Department of 
Odensei . , 

»The year 1924-f925 which is 
thje Department's 16th operating 
year has shown a very satisfactory 
increase in power consumption. 

The oi^erating costs are practically 
the* same as for the preceding 
year, and the outlay for fuel, in 
apite’ of somewhat higher price of 
coal and greatly Increased price 
of fuel oil, has been somewhat 
reduced. This can be ascribed to 
an improved efficiency of the 
steam plant,. partly attained by the 
lower steam consumption of the new turbine 
unit and partly due to better efficiency of the 
electrical s^e of the insUllatlon, owing to the 
fact that tft new turbine being provided with 
a geared D.C. generator meets a considerable 
proportion the demand* for D.C. eneigy 
which formerly necessitated the running of con¬ 
verting plant. In the year under consideration 
the new turbine installation h** been directly 
responiible for a saving of approximately 950 tons 
of coal in comparison, with the preceding year.^ 
During the last, working year the newly in¬ 
stalled turbo generator has generated 9.7 j million 
units, or 71.5 ^ of the 13.« million units pro¬ 


duced by the Power station and to quote 
again from the Report »the arrangement chosen 
for the unit embodying the direct coupling of 
A.C. and D.C. generators has given rise to 
great advantages, as anticipated, as regards 
economical working and reliability of the D.C. 
distribution to the town. By the combined A.C. 


and D.C. drive considerable saving In converting 
losses has been effected and in addition disad¬ 
vantages caused by the rotary converters fre¬ 
quently falling out of step due to short circuits 
occurring on the high tension network*) have 
been ove«oroe.» 

When units of this description were first 
ploposed there was a certain amount of doubt 
in the market as to whether the Stal turbine 
with its special construction (the double rotation 
principle) could be adapted for such an ar¬ 
rangement. This fear was due to the oginion that 
the load on the two halves of the system would 
differ since both the A.C. generatotsare exactly 
alike and the D.C. gencratoc.was 
to be coupled to one side only. 
This gave rise to the idea that 
the speed of the heavier loaded 
side would tend to decrease causinc 
the A.C. generators to fall out ot 
step. The loads on the two halves 
of the turbine are, however, auto¬ 
matically adjusted to the same value' 
since any lack or excess of me- 
•hanical energy from the turbine 
wheels is equalized by the inter¬ 
change of electrical energy bet¬ 
ween the two halves. The two 
turbine wheels, which are practi¬ 
cally identical supply the same 

•) Thh IMtihrtiMi MhnA doe* Ml W*»» 
M the Mittidinl Qcclcklty DepuloMM. 
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Flit. 5. 2.500 kW Stal tarlw Rtnmlor at Naktkov Mmldiul Ebdricllr Works. Nakskov. 
Denmark. (D.C. generalor 750 kW.) - 


power. When th/o A.C..and D.C. 
lojids are equal the last meiilioned 
A.C. geaerator runs wJtSopt load. 
As the rotors are. connected In 
series, this, means, however, that 
tlyy wiir always have* the same 
ampere-turns so that the generator 
*Jn question will in this case give 
a certain kVA outpujt but at cos 
0. ft the A.C. load is increased, 
this generator will also give useful 
output, although as long as there 
is any D.C. load it will tdways be 
at a lower power factor, while the 
. other generator will give the greater 


amount of power to the generator shafts. Sup¬ 
pose the A.C^-generators are running unloaded 
then half the power for the D.C. generator is 
supplied direct from one half of the system, while 
the other half is generated first as A.C. in the 
opposite generator and transmitted through the 
generator connections, after which the A.C. 
machine on the same side as the D.C. generator 
works as a motor to give the other half of the 


power component. « 

It might also be assumed that the automatic 
synchronizing of the two A.C. generators would 
be interfered with . due to the difference in 
flywheel effect on the two shafts. The exciter 
is, however, placed on the free side-so that im¬ 
mediately after starting sufficient gxcitation is 
obtained for pulling into step. The starting of 
the combined unit is accordingly just as simple 
and easy as for any other turbine. 


MATERIAL OF UNSURPASSED QUALITY, 



In the manufacture of m-uhines on which the good 
name of Asca depends, it is naturally of the greatest 
possible importance to obtain raw materl-il and semi- 
Hnisbed goMs of exceptional quality. Vdth the produc¬ 
tion of every new type of machine orapemratus Asca has 
always taken pains to ensure that the quality of the article 
receives prior consideration to any other question and 


2 mm. The diameter of the turning obtained is 30 mm 
and 'there arc 76 colls per metre.* StrcIcHbd. out this 
would correspond to a length of not less tlian 230 m. 

It should DC uiinccessarv tONtoint out that no pre¬ 
cautions wh.itcvcr were taken to protect this turning 
from breakige during the process of the work. 


Through their own mines, blast furnaces knd iron 
works in Norberg. Spannarhyttan and Surahammar and 
not less through, the activities of tbeir chemical .md 
mctallunical lahotatorv. the company can ensure the 
availability of iron ana sicel material which will bear 
comparison with the very best which the world produces. 

Tue illustrations reproduced bear wiincm to .this 
statement. Fig. 1 shows a continuous (uminf 30'm in 
length which was obtained while turning down the shaft 
forged at the Surahammar Works for one of the gene¬ 
rators in die new power station at Hammarfors. .The 
cut was . made .with a depth of 13 mm «ind a feed of 









ELECtRIC, SHOVEL FOR -THE LUOSSAVAARA-KIIRUNAVAARA 

^IRUNA, SWEDEN. 

Flgi'l bdlow shows a converter unit belonging As regards the electrical equipment the roa- 
to the elcftrical equipment .of ah ore loading . chine is particularly noteworthy and differs From 
machine for LuossayaaraiKifrunavaara Ki* any hitherto used. The electrical machine^ is 

rtina, delivered by Asca. * in fact constructed in accordance with the Ward- 

The suppliers of the complete*machine were Leonard principle. • 
the Morga^shammars Mechanical WorksjCo. With regaref to the motor equipment four 






Pin, 1, Motor gonerotor connrttr ftt. 


who were accordingly responsible for the whole 
of the mechanical details. . . 

Thevtachine in question is both on account ot 
size and desigO in a spwial class among similar 
machines and is wbrthy of more extend^ 
comment than space in this number of the 

Journal will aHow. * 

We hope latcif to be in a position to go 
more! fully into the various considerations which 
make this dellvfty one of great interest, but 
for the present wi mv$l be content to give a 

few general data..*/ • , h j 

The electric shofel, which is of the so called 
revolving type, has a mov^le body containing 
the motor equipinent mounted upoii an truck 
frame. The function of the machine is to 
load the ore blasted out of the Kiirunavaara 
mountain; into the ore trucks'in which It is con- 
veyed to the crushers. An idea of the appearance 
of the machine can he gathered from the second 
iHustraHon. The jib carries a.<HpP« which 
is fixed the digging shovel which has a 
content of 3 m* correspo^nding to * «P****y ff 
about 10 tons of ore. The total weight of the 
-machine is about 250^toiis. • ♦ . 


main headings have to be considered i.e. ma¬ 
chinery for: I) hoisting, 2) slewing. 3) dig^g 
and 4) travelling, all by electric power. The 
lifting machinery consists of a winch gear 
cylindrical rope drum direct coupled, to a IWC. 
motor rated for 160 h.p. at 45 r.p.ni. This qja- 
chinery determines the movement of the di^r 
and the shovel in the vertical direction. The 
slewing machinery which Is driven by a 
110 b.p. D.C. motor running at 510 r-p,m. 
consists of spur- and backgearings which transfers 
the movement to a vertical shaft. At the 
end of this shaft *ls fixed a gear wheel which 
drives the revolving gear on the truck frame. 
The slewing machinery causes the complete 
upper body with jib, dipper and shovel to rotate 
round the above mentioned vertical shatt. 

An 85 h.p..D.C. motor running at 525 t.p.m. 
drives through a gear the dipper which Is sup- 
• ported to the jib by a toothed rack and thus 
gives the dipper the necessary forward and 

** The rtuck frame Is furnished with caterpillar 
tractors so that the whole machine e.in move 
from one place fo another. The travelling motion 






I 

is given by the hoisting motor whi^h, through 
a dutch coupling device on thi hoisting, drum 
shaft, can be connected to a gear driving the 
tractof treads. 

All the' above mentioned driving motors are, 
as mentioned above, connected* according the 
Ward-Leonard system to the converter unit shown 
in fig. 1 which is housed In the back of the body 
and consists of the following machines: One 
squirrel cage three-phase induction motor, 350 h.p., 
2,100 volts, 25 cydes, 720 r.p.nt., one compound 
wound D.C. generator for hoisting, 140 kW, 
350 volts, two compound wound D.C. gene- 

volt^ for the slewing 
and digging motors. These two generators are 
mounted on the overhung shaft ends at each 
end of the unit. 

The machines are mounted upon common 
and heavy bedplate. The st$ttor -names of the 
machines are of cast steel. Electric power is 
brought to the machine in the form of three- 
phase A..C., 2,000—2,200 volts, 25 cycles through 
a special flexible cable from the pit sub-station. 
The series windings on the generators are counter- 


t* 

acting, so as to limit the torqqe developed by 
^ driving motors tp a fixed maximum. For exciting 
the D.C. machines a separate exciter qpfl.h/s been 
provided. The operation of the driving motors in 
accordance with tbeWard-Leonard principleisdone 
by controllers connected in the fidd circuits and 
regulating the firid current of each generator and 
thereby the. lirmature voltage supplied to the 
driving motors. The slewing and digging motors 
are shunt wound and riectrically reversible,* the 
hoisting motor on the other hand being series 
wound and not being arranged to.reverse in* 
normal service. When .tuvelTing; hoqrever, it 
can be made to run in either desimd direction 
by employing a special changeover switch. 

All machines composing the electrical equrp- 
ment are in many respects special designs, made 
nece^ary by the particularly arduous Working 
conditions und^ which shovels of this parti¬ 
cular type woric. Special car? has been given 
in order to secure mechanically stiff and un-. 
breakable constructions and it Is' g>* be hoped 
that the efforts of Asea in this respect will be 
found entirety successful. 



2. Electee shovel at l^lilHof ^ londcd ♦ 
oec troefr* 



VeslerM 1927, Westmanlands AUdModa Prinfciog 
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TWO NEW TRAIN LIGHTING SYSTEMS. 

Kstfjict /fom paper read a I HielSwedish Tcchnkal Society's Mreiing* IBfh March* IW. 


Then Ate, of course, a great number of 
systenfs for electric lightning on railway trains. 
The fact that Asea was not content to accept 
one of systems which are most frequently 
adopted, as has been don^ by most other firms, 
is due to information obtained from different 



Pig. I* Rotor and stator of now (rain lighting machine. 

quarters which confirmed the view that none of 
die systems at present in use can be regarded 
as Ideal and that accordingly there might be 
a good chance for a new system, if definite 
advantages could be shown. 

A general examination of the systems at pre* 
sent in use indicated that improvements were 
possible in two directions namely regarding 
simplicity and effectiveness of action. All tl^ 
known systems arc in fact compromises between 
the two main points of simplicity and effective 
action. What is actually required is Yhe foU 
lowing: I^is necessary to aim at the generation 
of*two voltages, the one if possible constant 
i^or lighting itnd the other somewhat higher for 
battery cbaiging. In addition an automatic change¬ 
over switch is always required which discon¬ 
nects the generator and throws ibe lighting on 
to the battery,, when the speed of t^. train is 
low, returning to the original^posftioii when the' 
speed of the train rises again above a certain limit 

The generator and the cltangeovcr switch are 
accordingly indispensable. It nas been found 
possible with certain systems to dispense with 
voltage regulators for the lighting and current 
regulators for the battery charging current so 
that these pieces of apparatus can oe regarded 
as complications. 

It appears therefore that an advance ^cau be 
made in two different directions: The dne most 
radical advance is to dispense with all regu¬ 
lators. All regulation should be provided In 


the generator itself. 4t. should be ^lAe.^lo ge¬ 
nerate in a sample manner a volf^ge suitable 
for lighting which will remain constant from 
a given train sypeed and in addkion*a higher 
voltage for battery charging while the train is 
running. This* would give a system with a gene¬ 
rator special in several respects but without 
any regulators. 

The other extreme, hdweyet, embodying a 
D.C. generator of entirely standard design con- 
trolled by special regulatpi;^ akso hSs advantages. 
If, for example, regulators operating on one 
system are found unsali.sfacloi'y they can he 
changed for some of different malw, Viewed 
accoHingly from the customer’s side it is a step 
involving less binding consequences td go in 
for a system with a normal generator and atito- 
matic regulators. A less radical but not, less 
important step forward can accordingly be made 
by retaining regulators but making them of a 
more simple character. Judging by the experience 
gained by our Railway Department, it appears 
that in general the regulators are the weak point 
and therefore if they coiild be constructed 
more robust, but not dearer on this account, 
and with at least. equal effectiveness it yrould 
appear that a new system on these Jincs would 
have good future prospects. 





New lr4i| ItffhHng mediine assembled. 

The matter is accordingly reduced to inventing 
either a new train* lighting generator or a new 
regubtor. I endeavoured myself to carry, out 
the first. Investigating the regulator question 
*Mr Akerman succeeded in inventing a new^ 
and as it seems to me, a very useful and ^ec- 
tive piece of apparatus so that there Sre'nOw 
two new systems which have been thoroughly 
invtetigated. 




155 




1 



-1C- 


J. 

> 

A : 

- k'M 

4S 


r 

' 



L-^ 


2- /A' - :— 


Fig. 3 a shows how we are able, 
on the basis of the above foripiUa, 
to calculate the generator voltage 
and the variations of It grapBIcally. 

The first point O' is determined 
by setting up the ampere turns 
of the separate magnetisation i, A/j, 
aflerwaWs the straight line voltage 
characteristic O' A Is drawn in 
accordance with the first equation 
__ with E 

^"•^srs “' 5 m 

1 u 1 ? ’ Auti the system which was Where this line cuts the no load characteristic, 

wK«‘p«f 

oS the circumstance that it will work entire y g load characte- 

wlthout regulators. The generator acts as W 

own regulator Cng. IJ- . , , __the venerator is desinned. For infinitely high 

The generator is of particularly simple co - ? . no load characteristic would coincide 

and that ^ 

Fo“4M 

i.e. similar to the relation between the resulting 
a......... I KT ^ftmAffncHsiiie amocrc 

ampere 


liar lu iiic ^-4^ 

turns If M* ahd the dcraagnetlsingampere 
turhs 4 Nf. If this relation Is made sufficiently 

• ciiFlirtAnflV 


;;id'nd^s."Fig. 2 shows the machine ererted. 

The brush rocker I? fixed, as opposed to most 
systems with which It Is necessary to use mo¬ 
vable brush rockers, which by means of friction 
are advanced by a pole pitch eve^ time the 
direction of* tunning of the coach Is reversed. 

This Is not necessary for the new generator, ^urns 4 JSp 11 tnis reiau«n « "’’'jS'r'*:;;, 

The oolarlty is, as for the ydinaty Rosenberg small the voltage will also remain sufficiently 
machine Independent o( the curcction of running, constant. , , 

The generate was originally designed fora *^1 Is^ however, easily seen that this system 
continuous load of*24 volts and 50 amps iii connection gives rise to great waste of ampere 
the llSfSng circuit and 33 vofts and 25 amps m^s. The relation between resulting* ampere 
in the battery circuit, b^t after testing It was |„^s at the lowest speed and the total ainpate 
found that with an Improved system of coupling t„pi,s at the highest speed Is In fact ♦ 
the voltage could be nearly doubled. The marine ^ 


the voltage coma oc ;-1 1, n 

weighs So kgs but this could be 

cut down by eiripttying a lighter design which 

would cerUinly W used 

were undertaken. .The speed "“g* 

corresponding to train .speeds of 12/i to 75 

™ B*ef^«^roreedinVf^ with the description 
a few words must be said ^ explain the self- 
reguUtlng principle of Ae generatoft ^Is Is 

very simple. Fig. 3 shows a normal D.C. gwe- 
rator G with field Windings t»i 
winding m^ Is separately exefted by a current 
I, the magnitude of which is maintained con¬ 
stant by the help of an Iron wire resistanre r. 
The winding m*. which has a demagnetising 
influ<fi»co!,ls excited by the generator voltage 
The field ampere turns, h aGeorcl- 

milv always proportional to the generator vOlt- 
age; or, put dififerentl^ const. ; «iAfs 


/rNr 

24N, 
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accordingly for - O.i 
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Fig. J. S(lf.t«gulj|ing pchulpk of imw tnin Hghling s«iwr«lM. 


The copper in the Reid winding is Accordingly 
only utilised to the extent of approximately 4Va^. 

In this respect the system of connections 
shown by fig. 4 is more economical. This differs 
from the former by the introduction of an 
.auxiliary battery b, the e.m.f, of which is equal 
to the generator voltage at the lowest speed 
but opposed to it in polarity. At the lowest 
speed accordingly the terminal voltage and cur¬ 
rent of the demagnetising winding is equal to 
xero and the ampere turns in the main field 
winding mi give rise at the same time to the 
resulting ampere turns If now the speed 
rises, the generator charges the battery through 
the demagnetising winding and at infinite speed 
the generator voltage would rise so high that 
the demagnetising ampere turns just 

neutralised the constant ampere turns i|A/|. The 
relation' between the resulting ampere turns «t 
the lowest speed and the total ampere turns at 
the highest speed is accordingly SO and this 
can be S>lerated. On the other side, however^ 
th? voltage increase JE between the lo>yest and 
highest speed cannot be fiaintained sufficiently 
small without heavy cost and losses. Assume, 
for example, that JE is not to rise mote than 
10 ^ df the lowest generator voltage plus the 
necessary rise which the battery voltage under¬ 
goes during charging. Assuming further that 
the demagnetising winding takes as little as 2*/* ^ 
of the useful power, the maximum charging 
current at the highest speed would then rea^ 
nearly 25 fi of the useful full load current and 
‘apart from this considerable loss of energy it 
would be necessary to make use of an auxiliary 
battery capable of taking a charging current up 
to a maximum of 25 of the full load current. 
Such a thing could never be considered. • 
We come accordingly to the conclusion tlut 
-the connections shown in figs. 3 a^ 4 are 
worthy of consideration but not for a full size 
machine, but eventually for the circuit of a smaller 
exciter machine. The main generator should 


accordingly be provided with, an exciter, the 
^field of which could be regulated in accordance 
with the principles described above. * . 

Biit one could not seriously propSse to* drive 
two machines fixiin the coach axl# jnstead of 
one. Such a system would be immediately con¬ 
demned. The offly practical possibility for dfc- 
signlng a gAierator with the self-regulation 
described above is accordingly to combine the 
exciter machine in the generator itself and to 
weld the two together as«it were to an organic 
whole. This has now been successfully accomp-' 
llshed and 1 accordingly come to the actual 
construction of the gener<ffor. * 

In fig. 5 the generator is drawn showing the 
two auxiliary poles M-M and two jnain polfs 
H-H. In each of the 4 pole spaces is placed a 
brush. The brushes are arranged in pairs and 
so connected together that the connecting leads’ 
short circuit the voltage which is generated by 
rotation in the field of the auxiliary poles.* The 
auxiliary poles are in fact nothing but the main 
poles of the exciter which has’ been*suppressed. 
This is indicated among other things by the 
fact that these poles carry the field windings 
mi and mj previously referred to which oppose 
one another. It may be asked ’’what has become 
of the exciter armature'? This is there alright 
and is formed by the sections of the winding 
Ai A|" and A 2 * Aj”. Here a rotatidh voltage is 
generated and this is the tenuinal voltage of the 
suppressed exciter. If these brush^^groupa are 
short circuited a current is produced in the 
armature of the so called exciter but also in 
the main field wjnding of tile lighting generator. 
How is this brought about? The ampete turns 
in the short circuited .winding sections excite a 
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rig. 6. OMcilMiHim* of (Min Add and podllon of hnulMt. 

field through the main poles H-H. There Is 
accordingly no room for doubt that the armature 
of the exciter, i.e. the short circuited .widding 
sections, functions at the same time as the field 
winding of the main machine. 

If the above combii^tion of exciter and 


genecato^ in the same machine has heen grasped 
everything else" will be «lear. If H-H are the 
main pohs' of the generator then natiirlliy the* 
winding sections A/ Ag', also Ai" A," form the 
armature wMiding of the generator. Here accord¬ 
ingly. the lighting, voltage is generated and 
this is .connected to the dema^etising winding 
m, of the exciter, either direct 9t through the 
auxiliary- battery mentioned earlier. We accord¬ 
ingly obtain in. this way* precisely the same 
self-regulation with cpiistant voltage- but this is 
->no longer effected in an uneconomical way but 
with small power and lo^es. In the first machine 
to be completed foi*tist purposes, and wliich 
was found to be uniiece^arily laigei the separate 
ffcld is .st^>p|ied by the main -battery with 
approximately 6 watts, the demagnetising wind¬ 
ing mg ^ibsorbed a maximum of 0.x] amps at 
1.3 yolts, thiis 0.7. watts. There, can accordingly 
no longer be any .questi.oh of waste of eneigy 
in the field, in addition the terminal voltages 
of the auxiliary battery and generator' never 

• show a latter difference than 1.3 volts. As 
#n auxiliary battery a small Jungner battery 

• is employed of -14 to 15 cells and having a 
capacity , of 9 ampere hours. The. normal charg¬ 
ing current is given as 2.a amps. Although the 
battery is thus exceedingly small it is used for 
an even smaller output than it is capable of, 
the mean, cnrrent charge being only one sixth 
of the normal charge current. 

I «dsh especially to point o(|/ that this auxiliary 
battery should not be regarded as a weiik point. 

In the first place it is very small and in the < 
second it is never, discharged.^ It is subjected i 
to charging alone and this by a current which i 
is so small that the batieiy can withstand it i 
for a sufficient time without any damage. That 
this. is> the case is vouched for by the Jungner < 
Accumulator Company. The** auxiliary battery i 
requires no other altf ntion than is given to the l 
main battery, hamely filling with distilled water l 
about ev^ month. I repeat that discharge ) 
never occurs. Even when the coach is not in l 
service self dischas|;e cannot take place, which < 
will be shown later.* (Fig. 8). ] 

It has now- been made clear, that we have a I 
generator, with - exciter eliminated anc^ without i 
any regulator Which will maintain a constant - j 
voltage.: It will, however, give only a single; ! 
voltage, the lighting voltage. Jt remains to be I 
found how the additional 30 ^ for charging I 
purposes is fo.be secured. Happily, the solution 1 
of ithts question does not give rise to. aiiy dif- i 
fioulty'.X^e machine is in fact only folly utilised .< 
when this additional possibility is made use of. I 
Fig. 6 shows the division of the main field, of 4 
the generator which, a{^ pointed-out eairlier, is. i 


■9-s S ^ 



• 1 






7« Diagram coonc^ans for now tcaia Ugbeing sytfom. 

produced by the ampere turns in the short 
circuited winding sections under the auxiliary 
poles. Of this field so far only the surface 
under the main poles has been employed. If 
two brushes Aj Aj are. introduced under the 
centres of the main poles, the pressure between 
them is greater than the lighting voltage and 
in the same proportion 9 s the total fiux is 
greater than the flux in the main poles. It is 
easy to calculate the arc of’ the auxiliary poles 
in proportion to that of the main poles in 
order to obtain, the desired proportion between 
the charging voltage and the lighting voltage. 
At no load this proportion is constant, and 
as the lighting voltage of the generator in ac- 
celtdance with the self-regulating principle is'as 


• ■KoTnFTTTJ 


charging voltage is also, practically speaking, 
independent of the speed. « 

In order to obtain equally favourable con¬ 
ditions when charging, the armature reaction 
must be prevented from affecting *the field of 
the auxiliary poles. This is achieved*by using, 
two compensating windings kj kj round the 
auxiliary poles of which one is traversed by 
the lightine current and the other by the charging 
current of the lighting battery. The auxiliary 
poles carry acco^ingly four windings m| mj, 
ki and ki which are insulated ftom one another 
but combined to form a single coil as shown 
in fig. 1. We have now considered folly the 
scheme shown in. fig. 7. The connections have 
been simplified*by the brush A 3 being used at 
the same time as a terminal for both lighting 
‘knd charging voltages. The separate excitation . 
is supplied by the lighting battery and th 7 . 
demagneibation by the lighting voltage min'us 
the counter woltage of the auxiliary battery. 
Although this scheme of connections ,is so 
simple it contains everything that is required 
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I _ generator a brush contal^t surface 

I j_ yH ** * ^P®***1 f®*" * 

j I F” total of .75 amps. namely»50 amps. 

I I - ^i| P. I * 1 lighting current and* 25• •amps. 

___/^|L JjK’^1 ^ ? charging current. In the new ma- 

yyy^ I chine a field current Peculates in 

^^tUSa^ • \ adUition through the*short cir^uitjNl 

/ser*«i^ "ati—'^1 -^Jb jeh nsets of brushes which, at the lowest 

ri JVAAjBu^ d r ' ' Tr_L-J^^ speed, reaches appro;cimateIy 50 

I _{lllll I I— 3 tC^ ~l amps. •The micessary brush contact 

I t Um r'lSv^ surface is agcoi^ingly in the pro- 

-portion of 75 to 125 or 1 to l.« if* 

pp ~ as ” ■"*! [__ the generator is to be driven con- 

f" — — , Mr —I n tinuously {it*lhe lowest trIin speed 

, j —I T I (12V» miles per hour). 

•cTXLrLn n Jli LnJTJTJTJlLnyTJ 1 x 1 x 0 Before describing the apparaM.< 

■ a short description of the wor(cinj^ 

V \ V V \ characteristics of the system wifi 

V t V \ V \x 2 ^ski j be welcome. ♦ 

ry\ r /l_ in this respect the greatest 

I I weight must be laid upon the 

I— I I ill I g®od commutation of the gc- 

i_L^_^_L_LJI_ r* <— 1 I I *_ J I aerator. The compensating Wind- 

_ ^^1 ings suppress the armature reaction 

^fT ^TPIT I in i ^rri ^^^lTlit y i T FllTTTI commutator 

_ IwyMwIjiyHwrlc Mgw apaBfioM J windings do on ordinary, inter- 

M M M'1~ ~' 1 “I ' ^ •: pole machines and the small excess 

**** /iitnSr tW. I I ' — ncid between the interpolcs reduces 

t -rr4r r^-, |[ * Bj or stippresses reactance voltages. . 
J 1 *^^*1 I ^ S' The-fact that the brush roejeer is 

n*. a. Complex .**«.♦ of .in. 1 i fixed Is also a great advantage 

necUoot for ific oew Iraiu lifihliiiK .&* from me point of vlcW of COm* 

*’****' mutation and reliability. 

• ^ addition the system works 

Dltvkont»kl = t>torcoiiUet, KM>ib,spSimlBgt-adiS¥tnitttutlaiinlS(Slaiititg^ssComhhui With g^od efficiency. Neither.in 

vfUaef oin jxttu rofla#* t^»y fyUrUag pottUoiO- ^ulmtulbk omkopphi* (tlartlXg*) s the laino circuit nor in the batterv 
.^ilomiMr <l 6 im^tr 4 wftfk (tLrUng GmmIcrbtfUn . , ™P cirewii nor in me oairerv 

dMun bmker ahttiO. Motfiioi$auU^pUr* ssgttMmct swiirb. sit&f^.firbmpor Circuit are series resistances used. 

= tp«p «r«Av. All-unnecessary energy losses are 

♦ • • accordingly vTped out. 

for a first class modem system excluding change- The fact that the'self-regulating arrangement 

over devices and switches. will work without trouble will be clear to 


Fig* 4. Compklc scheme of con- 
necUoot for ific oew Iralu llfthliiig 
system. 
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s Lnmp swilcb«f, ^W:rin§Mr = fnus* JL«itwor = f*amps* Jkiinn** 
^turp. HfMiphilletf '= AwtUUry Mlfety. 

for a first class modem system excluding change¬ 
over devices and switches. 


jrdingly vTped out. 
the'self-regulating an 
>ut trouble will be 


arrangement 
be clear to 


I wilt deal here with an objection which is anyone who has undristoocT the .simple prin- 

sure to arise at once, namel\ that the advantages ciple. The lighting voltage 5s accordingly, pcac- 

of the system are counterbalanced by the use tically speaking, independent of the number of 
of an unsatisfactorily large number of brushes. ' lamps alight, the temperature of the windings. 
It is easy to correct this impression. . the brush resistant and the condition of the 

. In the first place when brushes are spoken battery as regards charge. Self-regulation can 
of, or rather brush contact surfaces, this should easily be obtained within wide limits, for example 
not be confused with "brush positions".. The for train speeds between 12 V 3 and 70 miles 
new generator has 6 brush positions for each, per hour. 

’pair of. poles while a normal D.C. machinr^ The excellent working characteristics of the 
uas 2. From this, however, it does not follow generator ate also of value to the battery. I^e 

that the new machine has three tiine^ as many battery delivers lighting current onl^ 9 k long 

brushes as the old. • . as the train speed is below a certain i.^it (e.g. 

A correct comparison may be made in the 12Va miles per hour). As soon as this speed is 
following manner. For a normal train lighting exceeded the generato| is automatically coo- 





hected the lighting and battery ciccuits and 
charging beglnl immediately. The generator and 
battery •never supply lighting currenj at thfi 
• same time. The 

dee of the battery 
determined ac- 
b*cordingly only by 
" consideration of 
the time spent in 
stations and the 
discharge current. 
In addition; it 
should be noted 
that the charging 
current of the bat* 
tery varies with 
the number^ of. 
lamps •alight. The battery Is accordingly always 
* charged in correct proportion to the discharge 
occurring during stops in' stations. The pos- 
sibihty of the battery being damaged by over¬ 
charging is eliminated as the highest charging 
voltage of* the generator can be prescribed as 



% Pig. 9. Molnr reguUtbr. 


relay which breaks the separate excitation m, 
and opens the' changeover switch if the self- 
regulation ceases. AU train lighting generators 
work at a high speed with a weak field.* If this 
weakening of the field should fail for any 
reason (in the new system it is only possible 
for 9 break to occur in the demagnetising field), 
the himps would bi? burnt out without the in¬ 
clusion of the excess voltage relay. The voltage 
and excess voltage relay have the same operating 
coil and different armatures. The introduction 
of the excess voltage relay is in this way made 
a very cheap safety device. 

I need scarcely say that the whole system is 
always ready for service. The small battery is 
always kept fully chained by the main battery, 
which always allows a minimum current of 
about O.es amps to pass and which the main bat¬ 
tery can deliver for approximately half a year. 
The guard or conductor has nothing else to do 
but to him a switch, which is known as the 
generator switch, when the system is to put in 
action, at any speed of the train. 


necessary. 

^ So much for the practical characteristics of 
the system. 

I should now give a detailed description 
of the connection diagram ‘shown in fig. 8 
but. this will be made very short. In this 
diagram there is in fact very little which is 
really characteristic of the new system. An 
automatic ehangeover switch is of course always 
required and accuracy is uesirable as regards 
opening and closing between predetermined 
voltage limits so that it is naturally best to 
operat* this changeover-switch \hrough a voltage' 
relay. Since it'is raoce^ economical to make a 
small relay insensitivi to temperature variations, 

. by the use of a constant series resistance, and 
yet to ha,ve exceedingly Sensitive to voltage 
variations, this is*<^ne rather than construct a 
large changeover si|itch on the same principle. 
But it is* particularly. characteristic of the new 
system that the*appara|us used is exceedingly 
robust. The appa^tus switchcase is not a won¬ 
derful and involved piece of clockwork, but 
. the changeover switch is a heavy current appa¬ 
ratus which can break very considerable 
overload current without damage. ' There "are 
few train lighting systems with such robust 
apparatus equipment and thts has been made 
possible within the small space available due to 
the fact that no. regulators or finely divided 
field resistances or subsHtutioital resistances for 
the ianws and battery have to be embodied. 

In llns equipment which constitutes a trial 
order for the Bergslags Kailway, Sweden, we have 
combined the voltage r|lay with an excess voltage 


I come now to the system devised by Mr 
Akerman. This can be dealt with more shortly, 
diie to the fact that the system employs the 
same self-r»ulatlng principle although in an 
entirely diflterent and very ingenious manner. 
In place of a special and non standard generator 
an automatic rapid acting regulator is introduced 
in.the generator field circuit. Without exaggera- 



• * 

tion 1 think it may be said that this regulator 
»is the most robust and simple of all regulators 
designed for train lighting and acts as rapldl^ 
as ‘the bast in this respect. The curious part is 
that it is. an. old acquaintance and looks like 
a. common D.C. motor of very small size. It is 
in fact nothing else (fig. 9). The principle of 
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regulation is surprisingly simple as in the case 
ot all inventions which are able to establish 
themselves in practice. The manner in which I 
am about to explain the action of the motor 
does not perhaps correspond precisely with 
Mr Akerman’s train of thought 
when' he produced the idea, but I 
have chosen it on account of 
simplicity. Fig. 10 shows a unit of 
three machines, namely the lighting 
generator G and the exciter unit 
M| Mj. We can at the commen¬ 
cement assume that M| runs as a 
motor and drives the exciter M^. 

The armature of this is in series 
with the main field of the lighting 
generator mj which is supplied by 
the lighting battery B. It the field 
winding of the exciter m, has cur¬ 

rent passing through it the exciter 
will then generate an auxiliary 
voltage strengthening or weakeni ng 
as the ca^ may be and thus altering 
thc;,^ terminal voltage of the main 

J generator, .We see now, however, 
irom fiff. 10 that the field m.. ■« 


generatoc voltage can never rise higher than 
about 1 volt above the charging voltage of the 
Imall a(uciliary Dattei;y precisely* as %^s thi 
case in the former system, Regulatlbn ’Mil, it 
follows, ahvays^unctlon with certalbty. But it 
may now be objected it is equally ceriain^that this 
self-regulation wilt only be paid tor at the'expense' 
of a separate small set composed of an exciter 
and driving motor. Must the schepte on this 
account be rejected?•This is not at all the esse 
and we come here to Mr^kerman‘s most im¬ 
portant addition to the regulation problem. He 
saw that if the so called exciter vwlh only used 
to weaken the main field* of the genAalor it 
would not then generate but, on the eontraty, 
absorb energy. It runs accordingly^ not as tT 
generator but as a motor and the driving motor 
Mi which is never called upon to run as a 
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motor <julte superfluous and 
can 1)6 eliminate'U. If this is done 
we haye« reached the complete 
arrangemcist of Akennanli train 
lighting sysSem. Subsequently Mj 
will accordingly denote the motdF 
regulator an^ not an . exciter. • 

. The function of the motor < 
regulator is accordingly to absorb 
the,, same energy which i» the 
case of resistance regulation would 
be dissipated in th^ series re* 
sistance. Thl; amount of power 
is so snitdl that the internal losses 
in the motor regulator will often 
be sufficient /.e. the highest input 
to the regulator is not greater 
than cjin be dissipated at the 
'highest allowable speed of the 
regulator by the no lo^l tosses. 
Should this power be too great 
in certain cases there is noming 
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sufficient number of improvements to warrant 
our regar^ng it as a new system. The first 
improvement concerns the regulation of the 
battery charging current. As in the case of most 
systems which employ a standard machine as 
a generator use is also made here of a series 
resistance R| in the lamp circuit (fig. 11). This 
resistance naturally does not affect the lamp 
voltage which is kept constant by the regulator. 


to prevent •the motor regulator being braked 
by fitting a small fan wheel in order to limit 
the highest speed of the regulator. 

The speed of the motor regulator is not con* 
slant but dependent on the tinergy to be dissi¬ 
pated. From this, however, the conclusion roust 
not be drawn that regulation is affected in any 
way by th^ flywheel effect of the rotating ma¬ 
chine. This is in fact hot at all the case. If, for .» —---o- 

example, the train speed is altered so that the Instead, the lamp resistance raises the battery 
regufator must dissipate mo!e energy, this hap* charging voltage above the lighting voltage and 
pens immediately, after a minute change in jbis increase 1* equal io tht voltage drop in 
lighting voltage, due to the acceleration, and the resfetance. As this voltage drop is propor- 
this increased power consumption by accelera- tional to the lighting current the battery charging 
tioU continues until the increase in the no-load voltage reaches Hs highest value when%ll lamps 
losses exaedy cotresponffs to the necessary iii- are alight. In o^er that charging v^lage «ay 
crease in pjwet consumpHon. The flywheel be sufficlendy effective even ^ 

effect of the rototlng parts will not accordingly lamps are alight, a relay is used yrhich wlllf a 
affect the'speed of regulation In any way. Tills low lighting curreiit reeves to conject a sub- 
is only llinlted-by|the time constants in the stltional resistance ^ in one or hvo step^ TThw 
field circuit which are very small with such a arrangement was chosen on acreunt of its slni- 
small machinrS is here In question. If we pllcity. There are naturally a large number of 

arise. The present system marks a definite step 
forward both’, in the direction of simplicity an,d 
reliability. 

I have spoken of the Akerman system 


the use ol two separate aevices lor connctunK 
and disconnecting tile lighting generator (fig. 12). 
When the train starts and the generator voltage 
rises a voltage relay at about 30 volts connects 
in circuit the Held of the motor regulator. The 


Sffcb i.^M. feota .he fac. tl«t. I,w «7b« ■iiTjrbl . if 

«»*^“rwiSSdSur«i«“.“g.° B.' ± .dj .V*- 
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falls and at a given minimum train speed the speed which lies a little below the closing speed, 
centcifueal switch breaks the field eoil of the Finally, we arc quite prepafed >to'meet the 
contact hreaker. The whole system then returns *objection tlmt'aH centrifugal switches «f known 
to th% starting position. It is accordingly the diesign^ive trouble. Any hew devalopmcnt of 
generator volti^e reached which determines the centrifugal switch is likely to be nyore irouble- 
closing but the train speed which determines the some still. BiIT just on this accoiiht it is so 
opening. In this manner it is possible to obtain Important in case of the .systeth in'question 
practically the same generator voltage for closing that great ini^nsitlvity and possible variations 
and opening. • Flickering of .the lamps when are of so. small moment, jn addition the cen*. 
changing, over from generator to battery lighting tcifng«il switch which is actually used is .of the 
or vice versa is thereby effectively reduced. It greatest simplicity and on continudus service it 
would be in fact entirely eliminated lf*the has been found to wofl? so satisfactorily that, 
battery always had precisely the same discharge., we place the greatest possible confidence in it. 
voltage. It limy be objected here that the con- We have been able to mstal Akennan'^ system 
nection of the generator must In all cases be on one of the coaches of the Bergslags Railway 
matv at a higher train speed than the discon- andinavery short time we shall be in a position to 
nection since the closing of the centrifugal switch give some practical details regarding fis working, 
naturally t^kes place at a higher speed than Finally I must mention that Asca ako con- 
opening. This is, of course, correct. If, however, stnicis a system with carbon resistance of the* 
vri now examine fig. 13, which shows the speed so called U.S.L. connection,. The system cannot 
of the regulator as a function of the speed of be regarded as new but the constructioir has 
the train, we see that the speed of the train been so well revised, and so many new details 
only alters by 10 ^ while the speed of the have been introduced that it catf almost be 

*? i ’^‘**** ^ 5. regarded as a renaissance of the well known 

Even if the sensitivity of the centrifupl switch old system. The Swedish State Railways have 
were extiwmely bad and variable still opening ordered complete equipments for 25 coaches 
would only take place at a predetermined train and these are almost reacly for delivery, 

L. Dreyfus. 



Fig. H. A|^4|u« cquiiwnnt i& Alwraim Inin UghUng ortlm. 
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FRONTPAGE. 

lOTEWOILOP A^BA*5 factory FOR WVR6E MACHINES AND.SHOWiNO THE tARGOTTHItEI5.raASE GENERATOR IN EUROPE 

. ^ * ' ' ' M ^ i *« « r A J 


this time chosen for ouc front page 
a photogf^h showing an intertor view of Asea’s 
'mr lartfe rotatiiie macEinerv. known‘as 


for instance, for 24,000 kVA was construct 
about 7 years ago — bht from the point of 
view of size the Iinalira generators cannot be 


L'to;i“fS7w7rotati.ig macBnery, known as view of size the ma^agene^ors^nn^^ 

-the Emaus 'Works situated A the east end of eqwlled In the Qld World.. The ^ dj^ 

Vestetas. ThR. photograph is taken. In the last meter at the base rmg is 9,5 metres, while me 







(.4f|c nwcMne worki. 


bay built in 4925 irtd shows in the foreground 
among Other parts gtwo rotors for the l«yg« B«* 
aerators whtch^sy built for the Finnish Go- 
vernment Power station, Imatra. Behind the 
rotors thft travelling c|ane is lifting the stator 
from the large testing pit, the edge and hand 
railing of which* can be. partly seen on the 
right. Further back among other machines can 
be seen additional, parts I for. the •Imatra or-. 
der which IncUtded three vertical three-phase 
generators each for a continuous 
24,000 kVA at 125 r.p.m., 50 cycles, lO.W— 
11,000 volts and cos -.0.8. An idea of the 
dimensions of these machines can be gathered, 
by comparison with the size of the man stand¬ 
ing* by. »he hand tail of the testing pit. Having 
tegarcT to output tmly there are to day other 
generators p£ a .similar capacity and e\^n larger 
in Europe — the* first machine built .by Asea, 


height of the machine from the shaft flange to 
the upper edge of the direct connoted exciter 
Is 8 metres. The total weight is also surprising 
and according to actual raeasuremenis when 
transporting Is not less than 350 tons for a. 
complete machine. 

for the manufleture of such giant machines 
we naturally require not only ronsiderable 
workshop space but also exceedingly large ma- 
chine tools and first class lifting and transport* 
ing arrangements. Asea has from year to^,year 
contihally es^ended and rebuilt the large ma¬ 
chine shops so that they have always b^en and 
still remain among the largest and most pox«r- 
fully equipped in Europe. The 
th> Emaus' Works was built in 1899 and was 
then oiie .pf the largest n»anu^c»«r|jJ8 
in Sweden, the floor space being 3,800 m . It 
has a- «nlre .bay 10 metres high, and two. 



one 10 ten, one l?oist^tra^ell!n^ Qoor space was something over S.600m* 

^th a •span of 17.3 metres and afifting height Muioment wa« k„ 

of 6.1 metres. Also, foe the side bays there are 
^o 10 ton, single hoist traveUing cranes with 
0.« metr^ span and 4.8 metres lifting height. 

The standard railway traek from the works 
sidings Is, of course, carried into the works So 

^LrSd"d.^“.«li“^idiS IhrssIIl"* .«7 br<;; 

transport rails on the floor which is also |he*ed -from the illustration below which shows 

coverS with steS sections and Utes m w1?S nboi ^ 

both machine parts, on which work Is to be done ®"iy “ *«’»^yeafs after 

and machine tools can be filled down Fo; «P*^a-^yt«nsferriJfes^^^^^ 

testing the large machines which wem ffom manufactures to^ the Asea sliops ih Lud- 

commencement mauufticfuced here a senarare Lae * 'ras eflfcct^ but the* 

part of the shop was provided LXSl soon utilised again.^ 


^aiiaoic uoor space was something over 3,600m‘ 
The craijc equipment yas also str^ngth||ii?cl by 
a 50 ton travelling crane with tttrcc ^Hoists 

hoWa both for 

a lifting height w 7.i metres^ these being placed 
ill the centre bly while a 15 ton travelling 
^ane with ont hoist and a lifting height of 
^ erected in oi9e of the side bays. 

* necessity forethis extension can be tfa- 

. Fprvm _fl.-1_ t • t « • 


pits wi 


2i£ri;f 

when the shops did not reoulre now«r ,l. 4 » etlll l t ■ ^*** *'®®' of tl** 

fog. The difficulties reached a LJimim with 2 lOo'L* * 

the testing of the first four II 000 kVA ih * height and the span of the 

raters for the Swedish State Power Statitin at shon*»*lu k”"* ** the. 1909 

Trollhattan. " *‘'°P fo the background but the 

At this time also the available space became three hoists is de¬ 
insufficient and accordingly in 19& the shot* ^ ii ki ®n^ ****" 

was extended by the3tion ofVn,ln-l k!*^ available floor space of the four Emaus 

with a floor space of something over 3 400 nJ ^“hesJpiactically 

This bay was made 3.t Ss liX, ib^ 1: "*!• T® *** .*^®"''' ^ « ft-tuber 

centre bay of the first section and It was eouinned sho^^*tk** ^ulldlngs such as* the (date 

with two considerably heavier travelling cranesj^ 1 OM ii!^add?»i** *" 5 ®"”ting to some 

in the first shop but with a lifttncr ir.i»k< «f t . i. j 1 1 , S“* 14,UW m*. All parts are 
metres an(f are capable of liftine 50 ic^s * * ** most modern electric lighting 

in f ikorf «m« fbiiiKl dlfficull to^cry’out 


whicl^ was always 
increasing in size. 
Accordingly in 
1913 a further 
shop was built 
lengthening the 
oldest shop about 
80 metres at Its 
4restem end. The 
new p'shop was 
also made in three 
bays y»lth the 
^(te width iis the 
nfy but with the 
centre bay some¬ 
thing mote than 
5 metres higher 
and the side bays 



Vk* in the ^dcu lujr of ilie EAnni Wotk*. 


iiesign enabling 
r4pid precision 
M^orktobelarried 
out even on the 
‘^igest machines. 
‘ The gigantic 
machines turned 
out in the Emaus 
shops are, like all 
other machines of 
Asea*s manufac¬ 
ture, subjected to 
detailed tests be¬ 
fore delivery and- 
a well emipfied 
test room \ pro¬ 
vided to ensure 
that this is rapidly 
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iind carefully parried out. The test room now 
occupies* most of the eastern oart of the Works 
erectedj^ 1S99' and 1909. The test riom ma* 
chinfty i# housed in the oldest side D«ty 9»<l 
In the injiih bay are two test j)its while in the 
1909 bay al^ingside two test pits are also pro¬ 
vided, although of considerAly larger dimen¬ 
sions. In- this bay is also a large overspeed pit 
iiif which »the rotirs of all large machines are 
tested at runaway speed .Ai completely finished 
condition, wbich^r^esponds to the arrangement 
in the older builmne consisting of an overspeed 
chamber artimged in ue long wall for testing smal¬ 
ler li^zontal raachmes. These testing'focilities . 
were not sufflciently latge for the big vertical ge¬ 
nerators ajp^in the 1925\nteiision a test pit has 


been made 12 metres in diameter and 4.6 metres 
deep. In this the largest machine so far con¬ 
structed can be tested under exactly the same 
conditions as exist when they are finally eActed in 
power stations. Air for ventilation is drawn in 
through a duct under the floor. The machines 
are subjected to complete measurement of losses 
and beat run partly at no load tunning as 
a motor with full voltage and minimum cur¬ 
rent and partly running, as a motor with full 
cusrent and reduced voltage. The last named 
test is a substitute for the common short cir¬ 
cuit test but requires no 'driving mptor. The 
machine is started by the slip method from 
the test room generator and no other driving 
motor is ptovi^d. 


ASEA SYSTEM OF DIFFERENTIAL PROTECTION FOR GENERATORS. 



It has for some time been common to pro¬ 
teat large ^nerators from damage, due to in¬ 
ternal mufls, by the employment of some dif¬ 
ferential protecting system. 

. The most comtnon mult which 

7^ I Occurs in the: windings of a 

*4- — ■ " - • generator has the character 

of a lealfage to iron. The 
. sensitivity of the protective. 
device thus must be con- 
. slderable since it Is usual 
t to earth, the neutral point of 
< ^ a generator through a re- 
^ • \ X ^ sistance which limits the earth 

^ .J— (urrCht.Thi^ resistance which, 

^ for laige genepitots, must be 

piff. li. of considerable size, can ac- 

*sedrdingly be designed for 
smaller currents the more sensitive is the device. 
The sensUivitf of a differenftal protective device 
is limited ig«»4hi dirst place by the load cha- 
racterlst^ or tjA cl|irrent transformer employed 
and tlm energy consumption of the relay. The 
maximum sensitivity which should be'obtainable 
from these con^Herations is not however, ob¬ 
tained with, the common system of protection 
•shown in flg. 1. Ah inconsiderable difference 
iii impedance between' tie leads'on oppo¬ 
site sides of' the relay, gives rise to. an inequa¬ 
lity in the Ibading of'the current transformers 
and the difference'in magnetising current passing 
through the relay, may for this reason be so 
great that release may occur when it is not 
desired. In. addition,'it is usually impossible, to 
onsttie dhat the magnetic characteristics of the 
■two ct^nt transformers Will be exactly the same 
and .tbe uhpreveiitable inequality may. also caifee 
tindcsired tripping to |^ke place on short circuits. 


With regard to the risk of this nuisance 
caused by undesired tripping it has been thought 
necessary to use specially balanced current trans¬ 
formers for differential protection and also to 
balance carefully the impedance of the condac- 
tors. In spite of. this the ^nsitivity obtained 
in general does not exceed about 10 ^ of nor-.' 
mal current which, having, regard to the de¬ 
sirable margin of safety in the case, of a fault 
in the neighbourhood of the neutral ^int of 
the generator, would necessitate a resistance to 
carry 30 to of the normal current. 

A nutnber -of different methods for ovcr- 
<«>ming the' risk of undesired tripping of the 
main switch have been devised but nave all 
necessitated current transformers of sp^ial con¬ 
struction which in generel cannot be used^for 
any.otber purpose than 
that of the actual pro- 
. tecHve device. 

The Asea system of 
protection now'to be 
described makes use of 
current transformers, 
which are, practi^lly , 
speaking, fully standard/ 
and which in addition 
may be loaded with 
relays and instruments 
to such an extent that 
additional current trans¬ 
formers are only re- 
• quired in vtt'y excep¬ 
tional tircuK^tances. 

The device is indicated in 

fig. 2. As-will be seen each of the current 
transformers has two secondary windings namely 
one for the overload relays and -instruments 



and one for the differential protection. The in¬ 
strument load windings are series connected so 
that they assist one another and the differential 
windin|;s are connected so as to oppose one 
another. If the currents in the two windings 
are t and f respectively and the primary currents 
are /j and /], then: 

from which * . * 

i~{Oi + Q 

Th^ differential windings accordingly carry 
no current as long as there is no fault on the 
generator Le. /| — And the instrument wind¬ 
ings carry the whole current. Any load due to 
instruments or relays will naturally be equally 
divided between the two current transformers 
and all unintentional releasing is excluded as long 
as the current transformers are exactly the same. 

The damaging effect of differences in the 
current transformers is eliminated in a way 
which can best be understood by a reference 
to fig. 3. The two curves are assumed to be 
magnetising curves for two current transformers 
having slightly different characteristics. If the 
impedance of the relay were zero, f.e- If the 
differential windings were short circuited the 
voltage, and thus the flux density, would be 
the same for both transformers. For this, how¬ 
ever, different magnetising currents' it and 
would be required and since the instrument 
and relays windings for both transformers carry 
the^same current, a current of the value 
VsOi—4) wust traverse the differential winding 
and- the, relay. In the case of high excitation,, 
this current Inay increase almost without limit, 
and ‘the tfhly means of Overcoming it would 
be to reduce the flux density to the necessary 
extent by bringing the load on the instrument 
windings down to a sufficiently low value. This 
method, however, meets wit^ practical difficul¬ 
ties, as the phenomena occurring on short cir¬ 
cuits give rise to unsymmetrical currents, causing 
^densities which are high and. very difficult to 
cakdate. 

Accordingly, if the differential winding is 
open the magnetising currents fonthe two trans- 
formetiS will oe the same and thh voltages will 
"jjS^er from one.another by an amount e cor- * 
r^»ponding to the induction Tllis <jif- 

ference, if the core and transformer d^sigil is 
carefully done, can be kept within quite low 
limits: the value for fij — Bj * 1000 need never 
b? exceeded in the case 6f.^ransformer8 of Asea 
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Fig. 3. 

manufaefore with the qu^ity of tran|(p)!iner 
slieet normally used for current transfodners: 
If now the cir(piMf closed thnd^ a relay 
having a certain impedance a the current will 
deariy never exceed the value ejz and ii is a 
simple matter to design the relay and the dif¬ 
ferential windings in such a manner that this 
current is less than the tripping current reqiflred 
by the relay. The Asea differenfKl protective 
devices are designed in such a way^or a value 
of B| — & 2000, thus considerably above the 

value found by.experience as above. The factor 
of safety against undesired tripping is accord¬ 
ingly so great that^even a break in the instrument 
load does not give rise to any trouble, 

The relay has such a high impedance that 
the tnagnetisihg current of the culrent trans¬ 
formers is considerably greater than the effec¬ 
tive relay current. Qn the other band-, the aelay 
is wound for a very low current and the sen¬ 
sitivity reached therefore is very near the highest 
v^lue obtainable^^ith the*type of relay and 
current transformer which is used, viewed al¬ 
together, apart from th^ question of the risk of 
undesired action. * 

The differential winding contains only a 
few turns and can *accordinglY h% added to an 
ordinary standard current |ransfoi(tii» without 
encroaching too much upqp tlfe s{>ab%Jor the 
ordinary instrument winding. .This KasS load 
capacity of about 100 3/A in accordance with 
class B or C of B. E. S. A. S»)andards and ibis 
load is sufficient in most caSes. 

The relay Is of the Asea type RMSS with a 
consumption of0.i\lAhnd brings about, tripping 
with a fault current about 2 ^ of the normal 
full load ciirrent. It* yrill be seen accordingly 
that the neutral tfoint^-^resistance may be sa ^ly 
designed for about 7.s ^ of normal full load 
current. The tripping current depends to a con¬ 
siderable extent upon the magnitude of the load 
on the generator since the flux density md thus 
the permeability varies with the curr^t. The 
value, given corresponds to the. most unfavour¬ 
able condition of workingawhich can be obtained. 

^ 7. Herlitz. 
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OSCILLOGRAMS. 



The v^idely flung activities of Asea compel Mr. J. S. 
Edsti’om, the Managing Director of the Parent Concern, 
to spend much of his time in travelling. He fully ap- 
preciales the advantages of rapid travel afforded by 
the ^various Ei^pean air lines and is seen above, at 
Croydon, thiOiKing his pilot for a pleasant journey 
from Amsterdam to London. 


Asea, it is well known, have large Works for the 
manufacture of machines and transformers at Walthams¬ 
tow, London. The illustration shows a large self-cooled 
transformer being taken along a street on the outskirts 
of London. Strictly speaking, the transformer is not 
actually being moved as it had come to a dead stop at 
the time and it was necessary to obtain another pair 
of horses in addition to the 8 shown before a fresh 
start could be made. 


At the international Congress for the Scientific Ma¬ 
nagement of Labour, which was held in Rome from 
the 5th to’ 8th September, about 1,300 representatives 
from Europe, |\sia and Africa attended. 

In Rome, those taking part in the Conference had 
an opportunity of visiting a number of industrial un¬ 
dertakings ^^d in Turin an interesting 120-kilometres 
motor drive was arranged along the ancient Roman 
roads leading up to the Alps where several power 
schemes in process of cftvelopmenf jvere visited. ^ 
Mr. Oiof Karnekull a Swedish engineer who was 
also present at the Congress writes in the October 
number of’’Meddelandaj^ftan^veriges Industriforbund”: 
’The Swedish representatives experienced a feeling of 
pride when the Qhief Engineer the Station at Maen 


pointed ou^ tran^orijiers recently supplied by Asea 
with the woroU^The^i are the best in the world’.” 


We show below a model of an electrified farm in¬ 
tended to demonstrate the advantages of electricity in 
agriculture. 

The model is to’ a scale of V 20 and represents a 
Swedish small holding with a two storied farm house 
extensive barn. 

In the foreground will be seen the pole transformer 
and in front of the barn a portable motor driving a 
threshing machine. In the loft is a chaff cutter and 
also a winnower. At the right hand end of the ba^m 
is a circular saw and at the left hand end a grindstone. 
Everything is electrified and the model^gives a good 
impression of a modern Swedish farm with the usual 
machinery employed, arrangements for live'* stock,''e/c. 
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3 geocntoii each 16«000kVA ar2H 
50 crclcsi 11*000 volu. 



. •' St'-.-- 


tMtiimiMMI HNHIMlWllinMn ** 


2 generators each 10,000 kVA al 187 r,p.r 
23 ^es. 11.000Tolli. 



3 getMialots cacli.24,000 kVA at 125 r.p.m.. 
50 cycles. 1l»000 volts. 



2 generators oacli 12,000 kVA at 107 
50 cycles, 7^100 volis. 





^he ceputatiott of Asea generators 
has for long been firmly ]||Stib- 
lished in the markets of the woidd. 
The name is an effective guarantee of 
sound design and first class construction. 

Asea generators are*now installed ip 
all parts of the world, their great| re¬ 
liability and high efficiency testifying 
to the quality of AsSa manufacture. 

The ill^ratioiis on this pagt show ge-. 
nerators '6f both horizontal’and vertical 
designs and in sizes from to 24,000 
kVA delivered to power statics ^n 
Sweden,' N:Pcway) Finland 1 
Canada and New Zealand. 
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Vssleras, Sweden* 1927. Vesixwnlaskb Allehmda P^Hng Cd, 









